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[0001] This invention relates generally to plastic lens compositions and methods and apparatus for making plastic 
lenses, and more particularly relates to a composition for making connective or piano plastic lenses for use in eyeglasses 
and the like. 

[0002] Optical lenses have been produced from the polymer of diethylene glycol bis{allyl)-carbonate (DEG-BAC) by 
thermal curing techniques. These techniques for polymerizing DEG-BAC to produce an optiral lens, however, have sev- 
eral disadvantages and drawbacks. One of the most signiftcant drawbacks is that it takes approximately 1 2 hours to pro- 
duce a lens according to this technique and therefore a lens forming mould can produce at most two lenses per day. 
[0003] Moreover, the thermal curing process employs a thermal catalyst so that the polymerizable mixture of DEG- 
BAC and catalyst will slowly polymerize even while refrigerated. The polymerizable mixture ttierefore has a very short 
shelf life and must be used within a short time or it will harden in its container. 

[0004] Furthermore, the thermal catalysts utilized in these procedures are quite volatile and dangerous to viotk with 
requiring extreme care in handling. 

[0005] The polymer of DEG-BAC exhibits desirable optical and mechanical properties. These properties include high 
light transmission, high darity. and high index of refraction together with high abrasion and impact resistance. These 
properties in the past made DEG-BAC one of the leading monomers in the manufacture of high quality lenses. Other 
properties of DEG-BAC. however, such as its slow rate of polymerization make it an undesirable monomer in the man- 
ufacture of these items. 

[0006] US-A-4622376 discloses a pourable. polymerisable composition comprising an aromatic-containing poly (allyl 
carbonate)-functional material, styrenic material and a monomer having three or more aliyi, methallyl. acryiyi and/or 
melhacrylyl groups which may be free radically polymerised to produce polymerizates having high refractive index, high 
hardness and tow yellowness. 

[0007] US-A-4742133 disdoses a liquid monomer composition comprising at least one poly (ally!) carbonate-func- 
tional monomer which may be contacted with molecular oxygen to produce a Ik^uid intermediate composition which is 
then heated to produce a polymerisable substantially gel-free composition. 

[0008] The compositions of both US-A-4622376 and US-A-4742133 may be used to make an ophthalmic lens. 
[0009] EP-A-346.996 relates to a process for preparing organic glasses in which a liquid composition is utilised which 
contains one or more ally! cariwnate monomers, and a photdnitiator in corrtjination with limited amounts of a vinyl ester 
monomer and/or with an organic peroxide. 

[0010] According to one embodiment there is provided a polymerisable composition for use in making substantially 
clear plastic lenses for use in eyeglasses by exposing the composition to ultraviolet light to cure the composition In a 
time period of less than one hour, the composition comprising at least a bis (aliyjjartsonate) functional monomer and 
acWitives comprising at least one polyethylenic-functional monomer containing at least two ethylenically unsaturated 
groups selected from acrylyl and m^acrylyl. and a photoinitiator, wherein the b« (allyl carbonate) functional monomer 
conprises an aromatic-containing bis {ally! carbonate) functional nwnomer, or diethylene glycol allyl cartxanate. 
(001 1] According to another embodiment there is provided a po!ymerisat>ie composition for use in making substan- 
tially dear plastic lenses for use in eyeglasses by exposing the conrposition to ultraviolet light to cure the composition 
in a time period of approximately 30 minutes or less, the composition comprising at least a bis (allyl carbonate) func- 
tional monomer and additives comprising at least one pdyethylenic-functional monomer containing at least two ethyl- 
enically unsaturated groups selected from aaylyl and methacrylyl. and a photoinitiator, wherein the bis (allyl carbonate) 
functional monomer comprises an aromatic-containing bis (ally! carbonate) functional monomer, or diethylene glycol 
allyl carix)nate. 

[0012] According to another embodiment there Is provided a polymerisable composition for use in making substan- 
tially dear plastic lenses for use in eyeglasses by exposing the composition to ultraviolet light to cure the composition 
in a time period of approximately 15 to 30 minutes, the composition comprising at least a bis (allyl carbonate) functional 
monomer and additives comprising at least one polyethylenic-functional monomer containing at least two ethylenically 
unsaturated groups selected from acrylyl and methacrylyl. and a photoinitiator. wherein the bis (allyl carbonate) func- 
tional monomer conrprises an aromatic-containing bis (allyl carbonate) functional rronomer. or diethylene glycd bis allyl 
carbonate. 

[001 3] Conveniently the aromatic-containing bis (allyl cartaonate) functional monomer comprises bi^henoi A bis (allyl 
carbonate). 

[0014] Advantageously the functional monomer, which may be the bisphend A bis (allyl carbonate), comprises 30 
weight % or less of the composition. 

[0015] Advantageously the said polyethylenic-functional monomer contains three ethylenically unsaturated groups 
selected from acryiyi and methacrylyl. 

[001 6] Preferably the said polyethylenic-functional monomer conprises 1 ,6 hexanedioldiacrylate. 

[001 7J Conveniently the said polyethylaiic-functional nrranomer comprises tetraethylene glycol diacrylate. 
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[0018] Advantageously the said polyethylenic-functional monomer comprises tripropytene glycol diacrylate. 
[0019] Preferably the polyethylenic-functional monomer comprises trimethylolpropa^ 

[0020] Conveniently, the conpoation comprises a mould release agent An embodiment also relates to the use of a 
composition as described above to fbmi a substantially dear plastic lenses substantially free of distortions, cracks, pat- 
5 tems and striations for use in eye-glasses. 

[0021] An errtDodiment also relates to the use of a composition as described above to form a lens for use in eye- 
glasses having negligible yellowing. TTie invention additionally relates to a method of making a lens for use in eye- . 
glasses which method comprises the step of using the composition as described above. 

[0022] Preferably the composition is cured to form a substantially clear lens for use in eyeglasses by being exposed 
w to ultraviolet light while in a mould cavity formed in part by a first mould member and in part l>y a second mould member. 
[0023] Conveniently, the composition is cured to form a substantially dear lens for use in eyeglasses by being 
exposed to ultraviolet light while in a moukJ cavity formed by a gasket a first mould member and a second mould mem- 
ber. 

[0024] Advantageously, the composition is cured in less than one hour to form a substantially clear lens for use in 
15 eyeglasses by exposure to ultraviolet Dght when in a mould cavity formed in part by a first mould member having a non- 
casting face which is maintained at a temperature of less than about SO^C and in part by a second mould merrier hav- 
ing a non-casting face whidi is maintained at a temperature of less than about 50'C. 

[0025] The invention additionally relates to the use of a composition, as described above, in an apparatus for making 

a lens for use in eyeglasses, which apparatus comprises first and second mould members which are maintained a 
20 spaced distance apart to d^ine a moukJ cavity therebetween, a light generator for generating and directing ultraviolet 

light through at least one of the first and second mould members during use, the apparatus being adapted to cure the 

lens-forming composition to form a substantially clear lens for use in eyeglasses in a time period of less than one hour. 

[0026] Conveniently, the apparatus is adapted to cure the lens-fbrming composition to form a substantially clear lens 

for eyeglasses in a time period of 30 minutes or less. 
25 [0027] Preferably, the apparatis is adapted to cure the lens-forming composition to form a substantially clear lens for 

eyeglasses in a time period of approodmateiy 15 to 30 minutes. 

[0028] An embodiment additionally relates to the use of a conposition, as described above, in a process for making 
a plastic lens for use in eyeglasses, the process comprising the steps of placing ttie lens-forming conposition into a 
mould cavity formed at least in part by a first mould ment)er and a second mould member, and curing the lens-forming 
30 composition to form a substantially dear lens for use in eyeglasses by exposing the composition to ultraviolet light for a 
time period of less than one hour. 

[0029] Preferably, the composition is exposed to said ultraviolet light tor a period of 30 minutes or less. 

[0030] Conveniently, the composition is exposed to said ultraviolet light for a eeriod of approximately 1 5 to 30 minutes. 

[0031] The prefen-ed composition is curable by exposure to ultraviolet light to form a lens for use in eyeglasses sub- 

35 stantially free of distortions, cracks, patterns and striations. The lens may have negligible yellowing. The composition 
may be cured to form a substantially dear lens for use in eyeglasses when exposed to uttraviolet light while in a mould 
cavity fonned in part by a first mould member and in part by a second mould m^ber. The mould cavity may thus be 
formed by a gasket, a first mould member and a second mould member. The composition may be curable in less than 
one hour to form a substantially dear lens for use in eyeglasses by exposure to ultraviolet light when in a mould cavity 

40 fomied in part by a first mould member having a non-casting face which is maintained at a temperature of less than 
about 50'C and in part by a second mould member having a non-casting face which is maintained at a temperature of 
less than about 50**C. 

[0032] In order that the invention may be more readily understood, and so that further features thereof may be appre- 
dated. the invention will be described, by way of exarrple. with reference to the accompanying drawings in 

45 

FIGURE 1 is a perspective view of a plastic lens. 

FIGURE 2 is a reduced top view of a portion of an apparatus for producing a pfastic lens, which apparatus is also 
illustrated in Rgure 3. Figure 2 being taken substantially on line 2-2 of Rgure 3, 

so 

FIGURE 3 is an enlarged fragmentary aoss-sectional view taken on line 3-3 of Rgure 2, 

FIGURE 4 is an infrared-absorption spectra of DEG-BAC before and after inadiation in the presence of 2-hydroxy- 
2-methyl-l -phenyIpropan-1 -one, 

55 

FIGURE 5 is a portion of an infrared-absorption ^ectra of,DEG-BAC before, during and after irradiation in the pres- 
ence of 2-hydraxy-2-methyi-1-phenylpropan-1-one, 
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FIGURE 6 is a fragmentary cross-sectional view of an alternative apparatus for prtxludng a plastic lens; and 
FIGURE 7 is a fragmentary cross-sectional view of an apparatus for producing a plastic lens. 

5 [0033] Refem'ng now to Rgure 1 . a plastic eyeglass lens is generally Indicated by the reference numeral 1 0. The plas- 
tic lens 10 may be fonned by an apparatus that is generally indicated by the reference numeral 1 1 in Figures 2 and 3 
and which will be hereinafter described. 

[0034] The ultraviolet light cured plastic lens 10 can be formed in a substantially shorter time period than lenses 
formed by thennal curing techniques, the curing time being less than one hour, preferably 30 minutes or less. 

10 [0035] As illustrated in Figures 2 and 3. the apparatus 11 includes a pair of suitably shaped mould members 12 
formed of any suitable material that will pemnit rays of ultraviolet light to pass therethrough. The mould members 12. 
preferably, are formed of glass. Each mould member 12 has an outer peripheral surface 13 and a pair of opposed sur- 
faces 14 and 15 with the surfaces 14 being precision ground. In a preferred embodiment the surfaces 15 are frosted to 
aid in the substantially even distribution of ultraviolet light and to prevent the setting up of discontinuous intensity gradi- 

15 ents in the ultraviolet light Preferably, the moulds have desirable ultraviolet light transmission characteristics and the 
mould surfaces preferably have no surface scratches or other defects. 

[0036] The mould members 12 are adapted to be held in spaced apart relation to define a mould cavity 16 between 
the facing surfaces 1 4 thereof. The mould members 1 2 are held in a spaced apart relation by a T-shaped f lexfcle annu- 
lar gasket 17 that seals the cavity 16 from the exterior of the mould meni)ers 12. The mould members 12 are held in 
20 assembled relation with the sealing gasket 1 7 by a pair of annular clamping members 18 that are held together prefer- 
ably with a suitable spring force, such as a spring force that is provided by the tension springs 1 9 illustrated in the draw- 
ings 

[0037] In this manner, as illustrated in Rgure 3 the upper mould member 12 has a concave inner surface 14 while the 
lower mould member 12 has a convex inner surface 14 so that the resulting mould cavity 16 is shaped to form a lens 
25 1 0 With a desired configuration. Thus, by selecting the mould members 1 2 with a desired surface 1 4, lenses 1 0 with dif- 
ferent characteristics, such as focal lengths, can be made by the apparatus 11. Such techniques are well known to 
those skilled in the art. and will therefore not be further discussed. 

[0038] In one embodiment, the apparatus 1 1 includes a device 20 for directing rays of ultraviolet light against the outer 
surface 15 of the moukJ members 12. The rays of ultraviolet light pass through the mould members 12 and act on a lens 

30 forming material 21 disposed in the mould cavity 16 in a manner discussed betow so as to form a lens 10. Each device 
20 includes an ultraviolet light producing device 22 disposed outboard of a mould member 12 and the rays (not shown) 
of ultraviolet light from each device 22 are reflected by a suitably shaped hood type reflector 23. The reflected rays of 
ultraviolet light pass through a suitable filler 24 to engage against the outer surface_1 5 of the mould members 1 2. In one 
embodiment each device 20 is similar to the radiation apparatus disclosed in U.S. Patent No. 4.298,005. 

35 [0039] Each light source or device 22 preferably conprises a high pressure mercury lamp with a heavy metal additive, 
such as iron. This type of lamp produces a significant amount of energy in the 320 nm. range. A standand mercury ultra- 
violet source can also be used for a longer period to achieve the same results. 

[0040] The filter 24 for each device 22 preferably comprises a PYREX glass plate which filters out ultraviolet light hav- 
ing a wavelength below approximately 300 nm. thereby to prevent excessive heat buildup in the mould cavity 16. The 
40 \&r\s fonning material 21 in the mold cavity 16 is cooled during the curing cyde by passing cooling air over the moW 
anangement. 

[0041] According to this embodSment. it is preferred that the ultraviolet ray generating devices 20 irradiate the lens 
forming material 21 with ultraviolet light in the range of approximately 300 nm to 400 nm ance the effective wavelength 
spectrum for curing the material 21 lies in the 300 nm to 400 nm region. 

45 [0042] While each filter 24 has been illustrated and described as being a one filter member, it will be recognized by 
those skilled in the art that each filter 24 could comprise a plurality of filter members or comprise any other device effec- 
tive to filter out ultraviole* light having a wavelength bdow approximately 300 nm., as desired. 
[0043] Also according to this embodiment it is preferred that the glass mold members 1 2 are fbmied from a material 
that will not allow ultraviolet radiation having a wavelength below approximately 300 nm to pass therethrough. One such 

50 material is Schott Crown or S-1 glass that is manufactured and sold by Schott Optical Gass Inc.. of Duryea. Pennsyl- 
vania. 

[0044] According to a prefen^ed embodiment of the present invention, the outer surface 15 of the mold members 12 
is frosted. The frosting of the outer surface 15 of the mold members 12 in combination with the ray directing device 20 
provides ultraviolet light having no sharp discontinuities throughout the mold cavity 16 thereby leading to a reduction in 
55 optical distortions in the lens 10. It is also preferable that there be no sharp gradierts of ultraviolet radiation either hor- 
izontally or vertically through the materfal 21 with approxinratdy 50% of the radiation from each device 20 reaching the 
center of the material 21 . To ensure that suffidait radiation is reaching the center of the material 21 , it should be pos- 
sible to measure 1 mW/sqcm of ultraviolet light on the side of the mouW cavity opposite the ray directing de/ice 20. Also. 
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any component of the lens fomning material 21 that absorbs ultraviolet light in the range of 300 to 400 nm. except me 
photoinitiator should be eliminated from the lens forming material 21. 

[0045] In general, photochemical and thennal curing systems are analogous exc^ that light instead of heat is the 
main driving force for a photochemical polymerization reaction. Curing of a lens by ultraviolet light as opposed to ther- 
5 mal curing presents many problems, however, that must be overcome to produce a viable lens. The most troublesome 
of these problems include yellowing of the lens, cracking of the lens, production of patterns in the lens and premature 
release of the lens from the mould. 

[0046] Yellowing of the finished lens has been found to be related to the monomer composition, the intensity of ultra- 
violet light the Identity of the photdnitiator and the concentration of the photoinitiator. The effect of the photoinitiator is 

10 the strongest but each of the other factors plays a part 

[0047] WhCT casting a lens, particularly a positfve lens that is thick in the centre, cracking is a very serious problem. 
Additfon polymerisation reactions, including photochemical addition polymerisation reactions, are exothermic. During 
the polymerisation process, a large temperature gradient builds up and the resulting stress tends to cause the lens to 
crack. It is believed that with positive lenses it is more difficult for the heat generated in the polymerisation process to 

15 migrate to the surface of the lens and be dissipated quickly enough to avoid cracking. 

[0048] Alsa when the lens forming composition includes monomers that tend to be brittle, the lens is more prone to 
crack, DEG-BAC, without any additives or comonomers produces a very hard but somewhat brittle polymer that is very 
prone to cracking. In addition, DEG-BAC, without acfefitives tends to stick very tightly to the moulds. When a portion of 
a lens adheres tightly to tiie mould, cracking often occurs. 

20 [0049] When the polymerization reaction proceeds too rapdly, heat buildup inside the system which leads to cracking 
is inevitabia The likelihood of cracking increases as the temperature difference between the centre of the lens forming 
material and room temperature increases. During the polymerization process, several forces tending to crack the lens, 
such as shrinkage, adhesion, and thermal gradients, are at woric Other forces tending to crack the lens occur when the 
Irradiation is stopped and the lens is cooled, especially if the reaction cell is allowed to cool too quickly. 

25 [0050] Distortions in the finished lens are very troublesome. If the incident ultraviolet light has sharp discontinuities, 
visible distortion patterns may appear in the finished lens. 

[0051] It was found tiiat by mixing DEG-BAC witii additives or comonomers, its cracking tendency was decreased and 
distortions in tfie finished lens couW be minimised. By varying the raw material composition of DEG-BAC with additives 
or comonomers. it was possible to produce a wide variety of materials ranging from hard and tough to rubber-like mate- 

30 rials. The rate of polymerization of tiie composition including DEG-BAC was increased by incorporating one or more 
compounds in the form of a polyethyleric-functional monomer containing at least two ethylenically unsaturated groups 

I ' selected from acrylyl and methacrylyl. ^ecific examples of these compounds are tetraethylene glycol diacrylate 

\ (TTEGDA). tripropylene glycol diacrylate (TRPGDA), trimettiylolpropano^triaciylate (TMPTA). tetrahydrofurfuryl meth- 
acrylate (TFFMA) and tetiahydrofuriuryl acryiate (TFFA). Those skilled in ttie art will recognize that other conpounds 

35 that tend to inaease the rate of pdymerization of a conrpoaition induding DEG-BAC can also be Jnoluded. ' 
[0052] TTEGDA tends to increase tiie overall rate of polymerization and tends to reduce the amount of yellowing in 
the finished lens. TTEGDA, however, also terKJs to increase the cracking of the lens. TRPGDA also increases ttie rate 
of polymerization. TMPTA and TFFMA tend to prevent the development of patterns and fringes in the finished lenses. 
TFFA tends to reduce aacking and ttie development of patterns in the finished lenses. TFFA also tends to reduce tiie 

40 degree to which the lenses stick to the mould. Preferably. 1 2-25% by weight of TFFA is incorporated in the composition 
to yield the desirable effects noted above. Preferably, no more than 25% by weight TFFA is included' since a proportion 
greater than 2S% terKis to decrease the hardness of the finished lens. 

[0053] An obstacle to the production of lenses having no defects or abenations is the formation of convective stria- 
tions. or optical inhomogeneity. These defects are commonly refen-ed to as "patterns" or ^vavy patterns". 

45 [0054] The formation of these defects usually occurs during the eariy stages of the polymerization reac*on during the 
transformation of the lens fomiing composition from the liquid to the gel state. Once patterns form tiiey are almost 
impossible to eliminate. When gelation occurs there is a rapid temperature rise. In positive lenses, tfie tenrperature rise 
can reach 85" C which often leads to lens fracture. The exotfiennic polymerization step causes a temperature increase, 
which in turn causes an increase in the rate of polymerization, which causes a further increase In temperature. If the 

50 heat exchange with the surroundings is not sufficient enough there will be a mnaway situation tiiat leads to the appear- 
ance of thermaUy caused striations and even breakaga Since the rate of polymerization increases rapidly at the gela- 
tion point this is a critical phase of tiie reaction. 

[0055] The best quality lenses have been found to result from a smooth reaction prpc^ that is not too fast and not 
too slow. Heat must not be generated by the process so fast that it cannot be exchanged with the surroundings. The 
55 incident ultraviolet light intensity must be adjusted because too much incident light can also cause the reaction to pro- 
ceed too rapidly. Also, ttie seal between tiie gasket and the mouW must be as complete as possible. 
[0056] Conditions that lead to the production of lenses that are free from patterns are achieved when (1 ) a good seal 
between ttie gasket and ttie mould is achio/ed; (2) ttie mould surfaces are free from defects; (3) a formulation is used 
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having an appropriate concentration of initiator that will produce a reasonable rate of temperature rise; (4) the formula- 
tion is homogeneous; and (5) shrinkage is minimized. The preferred process is conducted In a manner that maximizes 
these conditions. 

[0057] Premature release of the lens from the mould will result in an inconrpletely cured lens and the production of 
lens defects. Factors that contrtoute to premature release are (1) a poorly assemlded mould; (2) the presence of air bub- 
bles around the sample edges; (3) the covering of a part of tiie sample from light; (4) infiperf ections in gasket lip or mould 
edge: (5) inappropriate formulation: and (6) high shrinkage. The prefen-ed process is conducted in a manner that mini- 
nuzes these conditions. 

[0058] The gasket has been found to have a significant effect during the curing process. Specifically, premature 
release can occur when the mould members are heW too rigidly by the gasket There must be enough flexibility in the 
gasket to permit the mould members to follow the lens as it shrinks. In this regard, reference is made to U.S. Patent Nos. 
3.038.21 0 and 3,222.432. Indeed, tiie lens must be allowed to shrink in diameter slightly, as well as In thickness. Break- 
age of the lens occurs in some cases because there is adhesion b^een the lens and the gasket The use of a gasket 
that has a reduced degree of stickiness with the lens during and after curing is therefore desirable. 
[0059] In a prefen-ed technique for filing the lens forming cavity, the gasket is placed on the concave mouW member 
and the lens forming composition is poured into placa The convex mould mentoer is moved into place and a small 
amount of the lens forming composition is forced out around tiie edge. The excess is then removed, preferably, by vac- 
uum. The small amount of liquid which escapes outside the lens body and collects between the top innerside of the gas- 
ket and the top mould edge also presents a problem. During the curing process this liquid will transform to a solid state 
and will affect the performance of tiie gasket as well as tiie mould. Thus, the alignment of tiie top mould member is very 
inportant Gasket deterioration usually occurs at the top side because of the inherent spill factor. To avoid tiie alignment 
and spill problems, tiie mould members, preferably, are clamped in place using a desired amount of pressure and then 
the lens forming connposition is ir^ected into the mould cavity, 

[0060] Despite the above problems, tiie advantages offered by ttie radiation cured lens moulding system clearly out- 
weigh the disadvantages. The advantages of a racfiation cured system include a significant reduction in energy require- 
ments, curing time and other problems normally associated with conventional thermal systerrre. 
[0061] The liquid lens fonning material is preferably fStered for quality control and is placed In the mould cavity 1 6 by 
pulling ttie gasket 1 7 away from one of ttie mould members 12 and injecting the liquid lens forming material 21 into the 
cavity 16. Once the cavity 16 is filled with such material 21, the gasket 17 is r^laced into its sealing elation with the 
mould members 12. The material 21 can ttien be irradiated witii ultraviolet light in the manner described above for a 
time period that is necessary to cure the l«is forming material 21 . 

[0062] The lens fonning material 21 . preferably, can be cured in the above manner by directing rays of ultraviolet light 
from one device 20 through the mould member 1 2 rather than utilizing botii devices 20 as prevfously desaibed! 
[0063] One component of the lens forming material that may lead to yellowing is the photoinitiator. The preferred pho- 
toinitiator is selected to minimise any yellowing of the lens material- Photoinitiators are the photochemical counterparts 
of catalysts such as the difficult to handle peroxides that are used mainly in tiiermal free radical polymerizations. Ther- 
mal catalysts are usually very unstatile and often dangerous to handle, while the ultraviolet photoinitiators utilized 
according to the present invention are easily handled and quite safe, 

[0064] In general, a photoinitiator having utility in the present process will exhibit an ultraviolet absorption spectrum 
over ttie 300-400 nm range. High absorptivity of a photoinitiator in this range, however, is not desirable, especially when 
casting a Mck positive lens. The following are examples of suitable photoinitiator compounds: 

2-hydroxy-2-methyl-1-phenylpropan-1-one. 1 -hydroxycyclohexyl phenyl ketone, 2.2-di-sec-butoxyacetophenone. 
2.2-diettioxyacetophenone. 2,2<liethQxy-2-phenylacetophenone.2,2-dimethoxy-2-phenylacetophenone. benzoin 
methyl etfier, benzoin isobutyl ether, benzoin, benzil. benzyl disulfide. 2.4-<jihydroxybenz<phenone. benzylideneac- 
etophenone. and acetophenone. 

[0065] A strongly absorbing photoinitiator will absorb most of the incident light in the first millimetre of lens thickness, 
causing rapid polymerization in that region. The remaining light will produce a much lower rate of (Miymerization bdow 
this deptti and will result in a lens that has visible distortions. An ideal photoinitiator will exhibit high activity, but vnll have 
a lower extinction coefficient in tiie useful range. A lower extinction coefficient of photoinitiators at longer wavelengttis 
allows the ultraviolet radiation to penetrate deeper into ttie reaction system. This deeper penetration of tfie ultraviolet 
radiation allows photoinitiator radicals to fomi uniformly throughout ttie sample and provkJe excellent overall cure. Since 
the sample can be irradiated from both top and bottom, a system in which appreciable light reaches ttie centre of the 
lens is essential, The photoinitiator solubility and compatibility witii the monomer system is also an essential require- 
ment 

[0066] Photoinitiators are often very system specific so ttiat photoinitiators ttiat are very efficient in one system may 
be much poorer in another. The identity of the initiator and its concentration are very important for any particular formu- 
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lation. A concentration of initiator that is too high leads to cracking and yellowing of the lens. Concentrations of initiator 
that are too low lead to incompf ete polynnerization and a soft n^erial. 

[0067] In one suitable lens fornning material the liquid nr^onomer comprises diethyiene glycol bis{aIlyO-cartxjnate and 
the initiator utilized therewith comprises 2-hydrQxy-2-methyl-1-pheny-l-propan-1-one with such initiator corrprising 
approximately 1% to 3% by weight of the lens forming material. The balance of the composition is provided by the mon- 
omer alone or preferably with additives mentioned above and discussed more fully beJow. The above-noted initiator is 
commerdally available from EM Chemirals under the trade name Darocur 11 73. 

[0068] In another suitable lens forming material, the liquid monomer comprises diethyiene glycol bis(allyO-carbonate 
and the initiator utilized therewith comprises 1-hydroxycyciohexyl phenyl ketone with such initiator comprising approxi- 
mately 2% to 6% by weight of the lens forming material. The balarice of the composition includes the monomer aJone 
or preferably the additives mentioned above and discussed more fully below. The above-noted initiator is commercially 
available from Ciba-Geigy under the trade name Irgacure 184. 

[0069] The two initiators identified above reduce yellowing of the lens forming material during tfie curing operation 
because a large amount of the initiator is not required. 

[0070] The preferred amount of Darocur 11 73 is approximately 2.S% by weight of the lens forming material. The pre- 
fen-ed amount of Irgacure 1 84 is approximately 3.3% by weight of the lens fonning material. 
(0071 ] Each of the last twro above described combinations of the liquid monomer and the photosensitive initiator pref- 
erably include one or nrwre additives to improve the plastic \ms being made therefrom. 

[0072] In particular, one such additive is 2-€thyl-2-(hydroxymethyl)-1 .3-propanediol triacrylafe with such additive com- 
prising approximately 2% to 4% by weight of the lens fonning material and being commerdally available from Aldrich or 
Interez. In this system, this additive reduces the amount of optical distortion in the plastic lens. 
[0073] Another additive tiiat can be used by itself or in conrfeination with the previously descrtoed additive is 1 ,6-hex- 
anediol diacrylate (HDDA) witii such additive comprising approximately 2% to 7% by weight of the lens forming material 
and being commercially available from Rohm Tech. 

[0074] Other additives such as TFFA {available from Sartomer). TFFMA (available from Sartomer) and TMPTA (avail- 
able from Aldrich or Interez) nray be induded to suppress the development of patterns and fringe in the I01S and 
reduce the degree to which the lenses stick to the mould, respectively, as discussed above. 

[0075] It has been found that the DEG-BAC monomerlc material has characteristics that make its use in uttraviolet 
light cured plastic lenses less tiian totally desirable. Specifically. DEG-BAC is very slow to polymerize and therefore 
requires a high proportion of initiator which leads to increased yellowing. It was also difficult to produce acceptable pos- 
itive correction ultraviolet light cured plastic lenses from DEG-BAC due to its slow reaction rate and the required thick- 
ness of the lens. 

[0076] It has been found that a more suitable polymerizable lens forming composition comprises an aromatic-contain- 
ing bis (allyl carbonate) - functional monomer and at least one polyetiiylenic-functional monomer containing two ettiyl- 
enically unsaturated groups selected from acryfyi and methacrylyl. The composition may indude a polyetitylenic- 
functional monomer containing three ethyienically unsaturated groups seleded from acrylyl and mettiacrylyl. The com- 
position may also include styrene, a mould release agent and a dye. 

[0077] The preferred aromatic-containing bls(allyl cartx)nate)-functionai monomers which can be utilized are bis(allyl 
carbonates) of dihydroocy aromatic-containing material. The dihydroxy aromatic-containing material from which tiie 
monomer is derived may be one or more dihydroxy aromatic-containing compounds. Preferably tiie hydroxyl groups are 
attached directly to nudear aromatic cartDon atoms of tiie dihydroxy aromatic-containing compounds. The monomers 
are themselves known and can be prepared by procedures well known in tiie art. See, for example, U.S. Pat. No. 
2.370.567; 2.455,652; 2.455.653; and 2,587.437. 

[0078] The aromatic-containing bis(allyl carbonate)-functional monomers can be represented by the formula; 

Ro Ro 

I I • 

CH2=CCH20CO-Ai-OCOCH2C=CH2 ( I ) 

I S 

o o 



in which A^ is tiie divalent radical derived from the dihydroxy aromatic-containing material and each Rq is independentiy 
hydrogea halo, or a CvC4 alky! group. The alkyi group is usually methyl or ethyl. Examples of Rq indude hydrogen, 
chloro. bromo. fluoro, methyl, ethyl, n-propyl. Isopropyl and n-butyl. Most commonly Rq is hydrogen or metfiyl; hydrogeri 
is preferred. A subdass of the divalent radical A^ which is of particular usefulness is represented by the formula 
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in which each is independently alkyi containing from 1 to about 4 carbon atoms, phenyl, or halo; the average value 
of each a is independently in the range of from 0 to 4; each Q is independently oxy, sulfonyl. alkanediyl having from 2 
to about 4 carbon atoms, or aikylidene having from 1 to about 4 carbon atoms: and the average value of n is in the range 
of from 0 to about 3. Preferably Q is methylethylidene. viz.. isopropylidena 
[0079] Preferably the value of n is zero, in which case is represented by the formula 



IS 



(R5^)a 



(III) 



25 



in which each R^. each a. and Q are as discussed in respect of Fonnula II. Preferably, the two free bonds are both in 
the ortho or para positions. The para positions are especially preferred. 

[00801 The dihydroxy aromatic-containing compounds from which is derived may also be polyol-functional chain 
extended compounds. Exanples of such compounds include alkylene oxide extended bisphenols. Typically the 
alkylene oxide employed is ethylene oxide, propylene oxide, or mixtures thereof. By way of exemplification, when para, 
para-bisphenols are chain extended with ethylene oxide, the bivalent radical A^ may often be represented by the for- 
mula 



30 



(CHjC^O 




Civ:) 



35 



where each Ri. each a, and Q are as discussed in respect of Formula II, and the average values of j and k are eadh 
independently in the range of from about 1 to about 4. 

[0081 ] The preferred aromatic-containing bis(allyl carbonate)-functional monomer is represented by the formula 



40 



45 



(V) 



and is commonly known as bisphenol A bi8(allyl carbonate). 

[0082] A wide variety of compounds may be used as the polyethyl^ic functional monomer containing two or three 
ethylenically unsaturated groups. The prefen-ed polyethyienic functional conpounds containing two or three ethyleni- 
c^ly unsaturated groups may be generally described as the acrylic acid esters and the methacryfic add esters of 
aliphatic poiyhydric alcohols, such as. for example, the di- and triaaylates and the di- and trimethacryiates of ethylene 
glycol, triethylene glycol, tetraethylene glycol, tetramethylene glycol, glycidyl, diethylaieglycol, butyleneglycd. propyl- 
eneglycol. pentanediol. hexanediol. trimethylolpropane, and tripropyleneglycol. Examples of specific suitatte polyethyi- 
enic - functional monomers containing tvro or three ethylenically unsaturated groups include 
trimethylolpropanetriacrylate (TMPTA). tetraethylene glycol diacrylate (TTEGDA), tripropylene glycol diacrylate 
(TRPGDA), hexanedioldimethacrylate (HDDMA). and hexanedioldiacrylate (HDDA). 

i ' ' * 
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[0083] A wide variety of photoinitiator compounds may be used to initiate the polymerization of the lens forming com- 
position. The following are examples of illudrative photoinitiator compounds: 2-hydraxy-2-methyl-1-phenylpropan-1- 
one. l-hydraxycydohexyl phenyl ketone, 2.2-di-sec-butoxyacetophenone. 2.2<aethoxyacetophenone, 2.2-diethQxy-2- 
phenyIacetDphenone.2.2-<limethoxy-2-phenylacetophenone, benzoin methyl ether, benzoin Isobutyl ether, benzoin, 
benzil, benzyl disulfide, 2,-WihydrQxybenzophenone, benzylideneacetophenone. and acetophenone. An espedaiiy 
preferred photoinitiator compound is l-hydroxycydohexyi phenyl ketone whidi is commercially available from Ciba- 
Geigy as Irgacure 184. 

[0084] As noted above, styrene having a formula of 



may optionally be present in the polymerizable. composition. 

[0085] Another material which may optionally be present in the polymerizable composition is a moukJ release agent. 
When used, the mould release agent is employed in the composition In amounts suffident to ensure that the subse- 
quently produced lens releases easily from the mould without breaking or cracking. The mould release agent should be 
compatible with the polymerizable composition and should not adversely affect the physical properties of the subse- 
quently produced lens. More particularly, the mould release agent should not adversely affect the physical properties 
most characteristic of the subsequently produced lens such as its rigidity, hardness, index of optical refraction, trans- 
mission of visible light and absence of colouring which affects optical darity. The mould release agent should, therefore, 
be a liquid or. if a solid, be soluble in the polymerizable composition. 

[0086] Mould release agents that may be used indude alkyf phosphates and stearates. Among the alkyi phosphates 
that may be i^ed as a mould release agent are the mono and dialkyi phosphates (and mixtures of mono and dialkyi 
phosphates) which are commercially available from E. 1. DuPont de Nemours & Ca under the trade names ZELEC® UN 
and ZELEC® ISIE. These alkyI pho^ates are reported to have straight chain aikyi groups of from 16 to 18 carbon 
atoms. 

[0087] Other mould release agents that may be used include butyl stearate stearic acid, esters of stearic acid and the 
metal salts of stearic acid. e.g.. stearic acid salts of the metals zinc, caldum. lead, magnesium, barium, cadmium, alu- 
minum, and lithium. Other fatty adds and fetty acids salts may also be used, provided that they do not adversely affect 
the physical properties of the casting. Other mould release agents known to the art such as dioctylphthalate may be 
used. ^ _ 

[0088] The composition, preferably, indudes 50-150 ppm of butyl stearate, 0.5-1 .5 ppm of ZELEC® UN or ZELEC® 
NE, or 0.3-1.5 ppm of dioctylphthalata 

[0089] It is prefen-ed that only one of the enumerated mould release agents and not a combination thereof is used. It 
is preferable to incorporate the mould release agent in the lens composition rather than spraying it on the surface of the 
mould faces. While coating the mould faces with a mould release agent such as butyl stearate provides effective mould 
release it also generates microscopic surface anomalies in the lenses. Such surface anomalies detract from the quality 
of the finished lens and lenses produced from such systems do not tint unifdrmly. 

[0090] Dyes and/or pigments are optional materials that may be present when high transmisaon of light is not nec- 
essary. 

[0091] The listing of optional ingredients discussed above is by no means exhaustive. These and other ingredients 
may be employed in their customary amounts for their customary purposes so long as they do not seriously interfere 
with good polymer formulating practice. 

[0092] Generally, compounds Containing acrytate groups polymerize much faster than those containing allyl groups. 
Thus, by induding the fast polymerizing polyethylenic functional monomers in the polymerizable lens composition, yel- 
lowing is reduced because less initiator is required to complete the pdymerization process, 
[0093] TTEGDA has a very long and f lexSsle backbone between its two acryiate groups, so compositions induding a 
high proportion of TTEGDA on the order of 70% by weight tend to be quite flexible. Preferably, other monomers that pro- 
vide more stiffness are induded in the composition and the proportion of TTEGDA is reduced. Stiffness is provided, 
pr^erabiy, by incorporating monomers that have shorter arid stiffer backbones than TTEGDA such as HDDMA or 
TRPGDA. Stiffness may be provided, according to some embodiments of the present invention, by incorporating poly- 
ethylenic functional monomers containing three acryiate groups such as trimethytolpropane triacrylate (TMPTA). 
[0094] To reduce the formation of cracks in the lenses, it is preferable to reduce the rate of polymerization and reduce 
the maximum temperature of the lens corhposition during the curing process. Generally, if there is a large enough tem- 
peratijre difference between the hardening lens and its surroundings, the lens will crack. 

[0095] The rate of polymerization and the maximum tenperature are reduced, preferably, by optimizing three factors: 
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monomer composition, initiator concentration and inddent light intensity. =The rate of polymerization, preferably, is suff i- 
dently reduced by decreasing the concentration of photoinitiator and by decreasing the intensity of the inddent light. 
TTEGDA and TRPGDA are very fast reacting monomers although TRPGDA reacts slightly slower than TTEGDA. The 
higher the proportion of TTEGDA, the fester the reaction, the higher the shrinkage of the lens, the greater the heating 
effect and the more susceptble the lens is to cracking or premature release from the mould. Slower reacting monomers, 
preferably, are mixed vwth these vey reactive monomers to bring the rate of polymerization under control and reduce 
the rate of heat generation. A balance is achieved between slower monomers and very reactive monomers to avoid lens 
cracking while at the same time providing a rapid enough rate of polymerization to minimize the concentration of initiator 
and diminish yellowing. 

[0096] Conventional high pressure mercury arc lamps used to cure plastic lenses were found to have a detrimental 
effect on the quality of the produced lens. Aside from being cumbersome, expensive and danga-ous, these high inten- 
sity lamps contributed to the rapid rise in temperature as well as the rate of polymerization. It was found preferable for 
the conventional high pressure mercury arc lamps to be replaced by bulbs that generate approximately 5-10 mW/sqcm 
of ultraviolet light having wavdengths between 300 and 400 nm. which light is very uniformly distributed without any 
sharp discontinuities throughout the reaction process. Such bulbs are conrvnerdally available from Syivania under the 
trade designation Syh/ania Fluorescent (F158T/2052) or Syivania Ruorescent (F258Ta/350BLyi8T GTE. As noted 
above, ultravidet light having wavelengths between 300 and 400 nm is pref enred because most of the prefa-red pho- 
toinitiators of the conposition of ttie present invention absort) most effidentiy at this wavelength and the moulds used 
according to the present inverrtion allow a maximum transmission at this wavelength. 

[0(©7] It is preferred that the light source generates light having substantially uniform intensity. It is also preferred that 
the incident light have no sharp discontinuities to reduce the possibility of lens cracking. Moreover, it is prefen-ed that 
there be no sharp intensity gradiarts of ultraviolet radiation either horizontally or vertically through the lens composition 
during the curing process because sharp intensity gradients through the lens lead to defects in the finished lens. It is 
prefen*ed that several light sources configured as a bank of lights be utilized to generate tiie uniform light It is also pre- 
ferred that a suitable light diffuser be disposed between the light source and the reaction solution to maximize ttie uni- 
formity of light distribution. Suitable light diffusers include frosted glass moulds or one or more sheets of tradng paper. 
[0098] It is preferred tfiat the n^mum temperature of tiie lens forming composition during the cure tiiereof be less 
than 50*C. to reduce the tendency of the lens to fracture. In addition to tiie above-noted techniques for redudng the 
temperature, fflters disposed between the light source and the reaction cell, as well as cooling fans to cany heat away 
from the reaction cell may be used to reduce ttie heating effects. Rnally. when curing ttiick positive lenses, intermittent 
rattier than continuous radiation is effective to reduce ttie heating effect. 

[0099] Commerdally available preparations having utility in the present invention which indude bisphenol A bis(allyl 

.carbonatej^s ttieir major component are avaflable from PPG Inc. under the^Jada-name HIRj II. ~ ^ 

10100] In one of its commerdally available fbrnre, HIRI II indudes approxirnately 91% bf^ hend A bis(allyi carbonate), 
7% DEG-BAC and 2% antiyellowing additives. The antiyeilowing additives are UV blockers which absorb strongly at 326 
nm. in ttie region where ttie photoinitiators absorb. The antiyeilowing additives, preferably, are removed before ttie 
material is used in a photochemical polymerization reaction. This component, preferably, is removed by passing ttie 
HIRl ttirough a column of alumina (basic). Because of its high viscosity, ttie HIRI II material is preferably mixed witti ttie 
less viscous TTEGDA before passing it through an alunrtina column. 

[0101] When used in the composition of ttie present invention, it is prefen-ed that ttie bisphenol A bis(allyl carbonate) 
monomer be obtained wittiout DEG-BAC or ttie antiyellowing additives. Lenses made from this product sometimes have 
a very slight, barely detectable, degree of yellowing. A small amount of a blue dye conasting of 9. 10-anttiracenedione, 
1-hydrQxy-4-[(4-mettiylphenyl)amino] available as Thermoplast Blue 684 from BASF Wyandotte Corp. is preferably 
added to ttie composition to counteract the yellowing. 

[0102] Bisphenol A bis(allyl carbonate) has a much higher refractive index ttian DEG-BAC and thus allows ttie pro- 
duction of ttiinner lenses when compared to DEG-BAC lenses. If more ttian aOX by weight of bisphend A-bis(allyl car- 
bonate is induded in ttie most preferred composition, however, compatawlity or solubility problems between ttie various 
monomers develop resulting in a cloudy, foggy or mill^ lens. 

[0103] TTEGDA is a diacrytate monomer ttiat preferably, is Induded in ttie composition because it is a fast polymer- 
izing monomer that reduces yellowing and yields a very dear product. If too much TTEGDA is induded in ttie most pre- 
ferred composition, i.a greater ttian about 18% by weight however ttie finished lens will be prone to cracking and will 
be too flexible as this material softens at temperatures above 40''C. If TTEGDA is exduded aftogettier. the finished lens 
tsidstobebrfttie 

[0104] HDDIWA is a dimettiacryiate monomer ttiat has a very stiff backbone between the two mettiacrylate groups. 
HDDM A, preferably, is induded in ttie composition because it yields a stiffer polymer and increases ttie hardness and 
strengtti of ttie finished lens. This material is also quite compatible witti ttie bisphend A bis(allyl carbonate) monomer. 
HDDMA contrtoutes to high tenrperature stiffness, polymer darity and speed of polymerization. 
[0105] TRPGDA is a diacrylate monomer that, preferably, is induded in ttie composition because it provides good 
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strength and hardness without adding brittleness to the finished lens. This material is also stiffer than TTEGDA. 
[01 06] TMPTA is a trIaCTylate monomer that, preferably, is included In the composition because it provides much more 
crossiinking in the finished leis than the difunctionai monomers. TMPTA has a shorter backbone than TTEGDA and 
increases the high temperature stiffness and hardness of the finished lens. Moreover, this material contributes to the 
prevention of patterns in the finished lens. TMPTA also contributes to high shrinkage during polymerization. The inclu- 
sion of too much of this material in the most preferred composition, i.e. in excess of 20% by weight makes the finished 
lens too brittle so that it breaks und& the drop-bail test 

(01071 Styrene is a high refractive index comonomer that preferably, is included in the composition because it acts 
as a coordinating material. If styrene is not included, incon^tibility problems nnay arise which result in a cloudy lens. 
Styrene appears to act as a bridging agent whteh allows the bisphenoi A bis(allyl carironate) to polymerize with the 
other monomers. The inclusion of too much styrene in the most preferred composition, i.e. greater than about 3% by 
weight will result in a loss of strength in the finished lens, because styrene is a single vinyl group monomer. 
[0108] Certain of the monomers that are preferably utilized in the composition of the present invention, such as 
TTEGDA, TRPGDA and TMPTA. include impurities and have a yellow colour in certain of their commercially available 
fornrvs. The yellow colour of these nnonomers is preferably removed by passing them through a column of alumina 
(basic) which includes aluminum oxide powder - basic. After passage through the alunnina column, the monomers 
absorb almost no ultraviolet light. Also after passage through the alumina column differences between monomers 
obtained from different sources are substantially elintinated. It is prefenred, however, that the monomers be obtained 
from a source which provides the monomers with the least amount of inpurrtles contained therein. The styrene. prefer- 
ably, is also passed through a column of alumina (basic) before use. The composition preferably is ffltered prior Id 
polymerization thereof to renrxive suspended particles. 

[0109] As noted above. TTEGDA and TRPGDA are highly reactive monomers, with TTEGDA being slightly more 
active than TRPGDA. Slower reacting monomers such as TMPTA and HDDMA, preferably, are mixed with the very 
reactive monomers to bring the rate of jDolymerization under control and reduce the rate of heat generation. The degree 
of yellowing, preferably, is diminished by increasing the proportion of TTEGDA or TRPGDA to increase the reaction rate 
and reduce the concentration of initiator. Lens hardness depends on a balance between initiator concentration, expo- 
sure time, and formulation. The ultraviolet light cured lenses demonstrate excellent organic sdvent resistance to ace- 
tone, metiTylethyl ketone, and alcohols. The lenses produced as described, preferably, are cured in approximately 15 to 
30 minutes. 

[01 1 0] A reaction cell was also developed. The reaction cell can be used with a proper mould arrangement to prepare 
positive or negative lenses tiiat are free from defects. 

[0111] A first embodiment of the reaction cell is shown in Rgure 6. As shown in Figure 6. tiie reaction cell generally 
indicated by 1 00 includes opposed glass mould parts 102 and a gasket deviceJ04 virfiich togetiier form a lens moulding 
chamber 106. The polymerizable lens forming composition is disposed" within tiie lens moulding chamber 106. The 
glass ntould parts 1 02, gasket device 1 04 and lens moulding chamber 1 06 are sandwiched between opposed radiation 
lenses 108. In tiiis manner, incident light entering the reaction cell 100 must first pass through one of the radiation 
lenses 108. 

[0112] Rgure 7 illustrates a second embodiment of the reaction cell which includes components identical to some 
corrponents of the previous errtxxJiment vtrhich components are given the same reference numerals. As shown in Rg. 
7. ttie reaction cell 1 00 includes the opposed glass mould parts 102 and a gasket device 104 which togettier form the 
lens moulding chamber 106. The polymerizable lens forming composition is disposed within the lens moulding chamber 
1 06. The glass mouW parts 1 02. gasket device 1 04 ar^ lens moulding chamber 1 06 are sandwiched between opposed 
poweriess glass mouWs 108 and thermally insulated by a pair of gastets 1 10. The powerless glass moulds 108 and 
gaskets 110 together form a thermally insulated nadiation channber. Preferably, the poweriess glass moulds 108 have a 
larger diameter than the lens moulding chamber 1 06 so that incident light is allowed to reach the full extent of the cham- 
ber 1 06. Preferably, tracing paper (not shovim) is inserted b^een the poweriess glass moulds 1 08 and the glass mould 
parts 102. In an alternate preferred embodiment instead of inserting tradng paper between the poweriess glass 
moulds 108 and the glass mould parts 102. the powerless glass moulds 108 are replaced by frosted glass moulds. 
[0113] The reaction cell assembly 100 is preferably constructed to minimize heat exchange between the reaction cell 
and its surroundings. Heat exchange with the sunroundings has been found to cause cracking and other problems. 
[0114] In one embodiment tiie gasket 1 04 is constructed of vinyl material, has good lip finish and nmintains sufficient 
flexibility at conditions around to T(max) of 45»C. In a preferred embodiment the gasket 104 is constructed of silicon 
material, (n another preferred embodiment the gasket 104 is comprised of copolymers of ethylene and vinyl acetate 
vtfhich are commercially available from E.I. DuPwrt de Nemours & Ca under the trade name ELVAX®. Preferred 
ELVAX® resins are ELVAX® 350 having a melt index of 1 7.3-20.9 dg/hiin and a vinyl acetate content of 24.3-25.7 wt. 
%, ELVAX® 250 having a melt index of 22.0-28.0 dg/min and a vinyl acetate content of 27.2-28.8 wt. %, ELVAX® 240 
having a melt index of 38.0-48.0 dg/min and a vinyl acetate content of 27.2-28.8 wt. %, and ELVAX® 150 having a melt 
index of 38.0-48.0 dg/min and a vinyl acetate content of 32.0-34.0 wt %. The gaskets are prepared by conventional 



11 



EP0404 888B1 



ir^ection moulding techniques which are well-known by those of ordinary skill in the art. 

[01 1 5] Premature release often occurs when the moulds are held too rigidly by the gasket There must be sufficient 
flexibility In the gaskets to permit the moulds to follow the lens as it shrinks. Insufficient sealing, unsuitable gasket mate- 
rial and/or a snnall residual amount of uncured material have been found to contribute to premature release failures. 
[0116] For best results, both sides of the mouW surfaces should be as smooth as possible, with no scratches. They 
should also have a smooth edge finish. Scratches in the nnoulds have been found to be more important than just pro- 
ducing the same defect in the finished lens. During the reaction free radicals are generated and these free radicals may 
be sensitive to surface corxiitfons, particulariy if no nwuld release agent is used. Scratches on the surfece may initiate 
cracking and aberrations. Saatches may cause more or less adhesion and premature release often appears to begin 
at a scratch. 

[0117] Mould markings cause differential light intenaty conditions under the nwking, even when the mari^ is on the 
outside surface of the mould. The fully exposed region of the lens will be harder, and the sample may have stresses 
becaise of this. The portion of the lens under the mart? will be weaker at the end of the curing period. This effect has 
been observed and can cause premature release or induce cracking. 

[0118J The invention will now be descnlsed in more detail with reference to the following examples. 
Example 1 

[0119] The photo-initiating efficiency of various commerdaily available initiator compounds in the polymerization of 
diethylene glycol bis(allyOcait)onate (DEG-BAC) was investigated at a constant light intensity of 17mW/cm2 and initia- 
tor concentration of 3%(w/v). The rate of polymerization was monitored by IR-qaectroscopy using the absorption band 
of the stretching vibration of the olefinic douWe bond at 1650cm"^ The reailts shewed that 2-hydroxy-2-methyl-1-phe- 
nylpropan-1-one and 1-hydroxycydohexyl phenyl ketone have tiie highest efficiency as initiators for the polymerization 
of DEG-BAC. In contrast, benzoin and benzoin etheris produced much lower rates of polymerization and are therefore 
poor initiators for DEG-BAC. 

Apparatus 

[0120] A Hanovia medium pressure mercury lamp, containing a small amount of iron iodide to improve the spectral 
output in the UV-region around 350 nm. was used as a UV-light sourca The lamp was housaJ in an air cooled housing 
equipped with an elliptical reflector. The lamp was operated with a special stabilizer ballast to supply constant power at 
three different intensities of 49, 78 and 1 1 8 watt/cm (125, 200. and 300 Watts/inch). A 6.3 mm (1/4 inch) f flter of PYREX 
glass was placed in the path of the beam to absorb short wavelength UV-Iight. PYREX is a Registered Trade Mark The 
total incident light intensity was measured by a digital radiometer equipped with a 1 cm^ diffuse-sensor window. This 
radiometer operates in the spectral range of 320 to 380 nm with a full range readng from zero to 200 mW/cm^. 
[0121] All IR-spectroscopy was performed on a Nicolet 7199 Fourier Transform spectrophotometer equipped with a 
triglycine sulfate detector. 

[0122] UV-spectra of the initiatorAnonomer solutions were recorded on a Shimadzu UV-160. a microcomputer con- 
trolled double beam UV-Vis spectrophotometer. 

Methods 

[0123] A solution of 3% initiator in monomer was made up on a weight/Volume basis. After the initiator was dissolved 
in the monomer, the solution was transferred into a test tube and flushed with nitrogen for 15 minutes to sweep out dis- 
solved oxygen. A few drops of the solution wore sandwiched between two sodium chloride disks which were separated 
by a 0.05mm stainless steel spacer, arni then secured in a denrwuntable cell nrraunt. After the cell was assembled, an 
IR-^eclrum was taken. The sample ceil was then irradiated for the desired tinie. removed, and immediately anal^ed 
on ttie IR-^>ectrophotometer. This exposure-IR-spectrum cycle was r^eated seven or eight times for each sample. 
Duplicate experiments with cfifferent initiators were earned out following the same procedure. The peak area of the IR- 
bands was calculated using the SETUP computer program which was run from a DEXTER/2 system. 

Results 

[0124] Rg. 4 shows an IR-absorption spectra of DEG-BAC before and after irradiation in the presence of 2-hydroxy- 
2-methyl-1-phenyipropar>-1-one. which is commerdaily available from EM Chemicals under the traderrart< Darocur 
11 73. The point of interest is the large decrease of absorption at 1 650 cm'^ (band A), which is the C=C stretching vibra- 
tion in the ailyi portions of the DEG-BAC. As shown in Fig. 5 this absorption band is an excellent index of the extent of 
polymerization of DEG-BAC. Other changes in the IR absorption spectra occur, but as the absorption band at 1650 cm" 
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is due to a fundamental vibration mode, it is the most reiiabie criteria of the unsaturation conterrt. 
[0125] The percent residua) unsaturation of DEG-BAC was calculated i^ing the following equation: 

% residual unsaturation =! (A /A J -100 (1) 

where Aq and A, are the absorption peak areas of the band A (base line 1659-1641 cm"''), Initially and after an irradia- 
tion of t seconds, respectively. 

[0126] Although the demountable cell was used with a fixed spacer, the apparent thickness of the sample was 
observedtochangeduetotheincreaseindensityasthepolymerizationproceeds. Abandat 1581 cm'^ (band B). which 
did not change appreciably during polymerization, was used as an internal standard. To obtain the correct % unsatura- 
tion a correction factor of Bo/Bf was applied to equation 1 . 

. (A,/Bo) ' 100 
% residual unsaturation = °, (2) 

where Bq and B, are the absorption peak areas of band B (base line 1 592-1 572). initially and at time t during the polym- 
erization, respectively. A representative sample of data Is given in Table I below. 



Table I 



Data for the Polymerization of DEG-BAC with 3% 2-Hydroxy-2-methyl-1-phenylpropan-1-one 
and light intensity of 1 7 mW/cm^ 


Exposure (second) 


Absorption area of band 
A 


Absorption area of band 
B 


Unsaturation (%) 


0 


5.1259 


1.5541 


100.00 


60 


4.6551 


1.5535 


90.85 


90 


4.3616 


1.5414 


85.79 


120 


4.0011 


1.5118 


80.24 


180 


3.5442 


1.4889_ 


72.17 


300 


2.8985 


1.4730 


59.66 


480 


2.3365 


1.4513 


48.81 



[0127] As a further check on validity of this techn'que or equation 2, two additional analytical methods were used; 
refractive index and iodometry. The refractive index method was based on data published by Starkweather and Eirich, 
Ind. Epq. Ghem,. 47: 2452 (1955) from which the conversion factor was deduced. The iodine value method was that 
desCTibed in ASTM D1541-60. The results are shown in Table II below. 



Table 11 



Percent Residual Unsaturation of the Irradiated DEG- 
BAC by Three Drfferent Methocfe. 


Method: 


IR 


Refractive Index 


Iodometry 




92.5 


92.2 






91.3 


93.0 






89.5 


89.5 






88.8 


89.5 






83.3 




87.0 




73.3 




76.1 
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Table II (continued) 



Percent Residuai Unsaturation of the Irradiated DEG- 




BAG by Three Different Methods. 


Method: 


tR 


Refractive Index 


lodometry 




57.1 




60.4 




29.0 




30.0 


Comparison of these two methods with the IR method 


using equation 2 shows reasonable agreement 



[0128] The initial rates of polymerization after sequential UV-irradiation were taken from the slopes of the initial part 
of the % unsaturation-time curves. Table III summarizes the results obtained for the polymerization of DEG-BAC with 
15 various initiators at room temperature. 



Table III 



20 


Initial Rates (Rp) of Photopolymerization of DEG-BAC with 3% Initiator and Ught Intensity of 1 7 mW/cm^ in the 320- 

380 nm R^ion. 




Initiator 


Xmax(log^ 


RpXlO^IWsec 




2-HydrQxy-2-methyl-1 -phenylpro- 
pan-1-one 


313(1.87) 


68.8 


25 


l-Hydraxycydohexyl phenyl ketone 


328 (1.94) 


60.9 




2,2-Di-sec-t5utoxyacetophenone 


335 (1.94) 


47.9 




2,2-Diethoxyacetophenone 


334(1.87) 


40.7 


30 


2,2-Diethoxy-2-phenyl-acetophe- 
none 


343 (2.38) 


39.5 




2,2-Dimethoxy-2-phenyl-acetophe- 
none 


318(2.34) 


37.3 


36 


Benzoin methyl ether 


339(2.34) 


18.5 




Benzoin isobutyl ether 


340 (2.31) 


11.3 




Benzoin 


312 (2.58) 


9.65 




Benzii 


382(1.86) 


5.96 


40 


Benzyl disulfide 


242 (3.54) 


4.05 




2,4-Dlhydroxybenzophenone 


324 (3.99) 


4.00 




Benzylideneacetophenone 


308 (4.08) 


3.73 


45 


Acetophenone 


315(1.72) 


0.81 


50 


Conditions tor all runs were 3% initiator(wA/) and 1 7 mW/cm^ effective intensity in the 320-380 nm region. The results 
show that 2-hydrQxy-2-methyi-1-phenylpropan-1-one. which is commercially available from EM Chemicals under the 
trademark Darocur 1 173 and 1-hydroxycyclohexyl- phenyl ketone, which is commercially available from Ciba-Geigy 
under the trademari^ Irgacure 184 are the best photoinitiators for DEG-BAC in the group studied. Benzoin etheis, 
however, which shewed high efficiency as initiators for vinyl polymerization, are much less effective in the photopol- 
ymerization of DEG-BAC. 



EXAMPLE 2 

55 

[0129] The objective of this example was to develop a composition including DEG-BAC and a procedure for the pro- 
duction of moulded eyeglass lenses by ultraviolet photoinitiation. 
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ConiDosltion 

[0130] It was found to be cfifficult to prepare an acceptable product by uang DEG-BAC aixJ photoinHiator alone in con- 
junction with the present radiation system. It was determined that the addition of other monomers was essential to 
5 obtain the most desirable combination of optical and mechanical properties in the finished lens. The addrtionai mono- 
mers were selected from monofunctional and multifunctional acrylates or methacryfates. 

[0131] The final compositiai of the raw material was miscible, dear, and dust free. In addition, the ultraviolet trans- 
mission of the components except for the photoinitiator were at a maximum in the desired range. 
10132] The prefen-ed composition is shown in Table IV. 

10 



Table IV 





Materials 


Supplier 


Weight(%) range 


IS 


2-hydroxy-2-methyl-1-phenyl-propan-1-one (Darocur 1173) 


EM Chemicals 


0.7-1.3 




1 -hydroxy cyclohexyliJhenyl ketone (Irgacure 184) 


Ciba-Gelgy 


1.2-1.8 




Trimethytol propanetriacrylate (TMPTA) 


Aldrich, Interez 


2.5-3.0 




Tetrahydrofurfuryl-methacrylate (TFFMA) 


Sartomer (Arco) 


3.0-2.5 


20 


Tetrahydrofurfuryl-acrylate (TFFA) 


Sartomer 


12.0-25 




Diethylene glycol bis(ailyl)-carborate (DEG-BAC) 


PPG Inc. 


80.3-72.3 



25 Reaction Cell 

[0133] The reaction cell included two glass windows shaped to produce the lens and a flexible silicon or vinyl gasket. 
The glass moulds reproduced the lens surfaces. The inside curvature of the moulds together with the gasket thickness 
controlled the lens shape and power. To produce good quality lenses it was important that the glass moulds had no sur- 
30 face scratches or other defects. 

Ultraviolet liaht radiation system 

[0134] The spectral range of interest for ultraviolet racfiation curing Is 320-400 nm where the most efficient photoiniti- 

35 ators absorb and moulds of crown glass allow maximum transmission. 

[0135] Of the high intensity sources of light available, iron added-mercury arc lamps offer a high output within this 
preferred range and thus were used in this system. Shorter wavelengths below 320 nm. were blocked by a 6.3mm (1/4 
inch) PYREX glass filter placed at 15.2-20.3 cms (6-8 inches) from the lanrp and 12.7-17.8 cms {5-7 inches) from the 
reaction cell. This l^ockage of the short wavelengths was found to be important. If the full intensity of the ultraviolet light 

40 source was allowed to strike the glass mould it broke due to the strong absorption of the shorter wavelengths by the 
glass. Even small amounts of radiation at this wavelength caused heating problems that were severe. 
[0136] Additional advantages offered by the PYREX glass fflter included a significant reduction in unwanted IR heat 
problems normally produced by the lampi Heat was continuously removed, without disturbing the lamp stability, by 
blowing air past the filter and the reaction cell. The ultraviolet rays emanating from the lamp were passed through two 

45 or three sheets of dosely spaced tracing paper at 7.6 cms (3 inches) from the ruction cell or 5 to 1 0 cms (2-4 inches) 
from the PYREX glass fBter. The tracing paper increases the uniformity of light distribution with a further reduction in 
the heating problems. 

[0137] The light int&isity in the 320-400 nm, range, under the above conditions, was reduced from 27 mW/sqcm. (in 
the absence of the PYREX gl^ fflter and the tracing paper) to about 6-10 mW/sqcm. with an excellent performance 

so compared with an unmodified radiation system even at comparable light intensity. 

[0138] Alternatively, it was determined that the high-pressure meroiry arc lamps could be replaced by fluorescent 
tubes without a loss in performance. Sylvania and Philips both produce accQ}table fluorescent tubes that generate 
almost all of their output in the desirable range (320 to 390 nm.). A bank of these lamps was capable of producing at 
least 8 mW/sqcm. and were effective in this system. These fluorescent tubes provide many advantages over the high- 

55 pressure mercury arc lamps as they are inexpensive, compact and require much less power. 

[0139] Two illumination sources were used to provide ultraviolet light exposure simultaneously to both sides of the 
reaction cell. The witical point in the inadiation was found to occur shortly after the gelation point when the rate of 
polymerization inaeased drastically and the mobility of the reacting monomer units decreased which resulted in a rapid 
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increase in tempaature. especially in tfiicker samples. At this point cracking of the sample occurred if the temperature 
difference became too great This critical stage was controllecl by monitoring the temperature at the mould surface and 
keeping the difference in tennperature between the mould suriace and the surroundings to less that 20*'C. At fTX)m tem- 
perature this meant keeping the tennperature at the nnould surface below 50°C (12{y*F). An alternative was to reduce 
the intensity of the ultraviolet light radiation, but this resulted in a tonger irradiation time. Another possibility was to 
reduce the concentration of photoinitiator, which also inaeased the irradiation time and caused other problems. 
[0140] The reaction cell was placed where at least 20% of the incident light passed through the ceU, to ensure thai 
regions farthest from the lannps received adeqi^te radiation. Using a value of 6 mW/sqcm of incident light it was 
required that there be 1 .2 mW/sqcm passing through the cell. 

[0141 ] Two lamps were used to provide sufficient radiation energy throughout the lens forming material so that any 
deficiency in energy on one side was compensated for by the lamp on the crther sida It was found to be very difficult to 
obtain unifonm irradiation with only one lanp. 

[0142] The monomer mixture contained co-monomers that improved the most needed properties. TMPTA was useful 
in reducing the effect of unequal radiation over the body of the lens. Without TMPTA, visible distortions occun-ed. TFFA 
was added to add flexibility to the mixture to prevent cracking of the lens. Between 1 2 and 25% by weight of TFFA was 
effective. Above 25% caused too much flexibility and less than 12% failed to prevent cracking. An added bonus was that 
the addition of TFFA also improved the mould release A drawback was that TFFA slightly increased the yellowing of 
the lens. 

Procedure 

[0143] The procedure for produdng lenses was as follows: 

1 . The necessary amount of initiator was dissolved in TFFA using adequate agitation. 

2. The necessary amount of DEG-BAC and other ingredients was poured into the photoinitiator-TFFA solution (witii 
adequate agitation) to obtain a dear fluid free of undissolved particles. In some cases, it was helpful to warm tiie 
mixture to about 10*0 above room tenrperature to ensure that the mixture attained a good homogeneous state. 

3. Enough lens solution was placed in the cell container which was composed of the concave part of tiie cell win- 
dow supported by the desired flexible gasket. The other window was carefully arranged to allow air to escape freely 
using a micro spatula inserted between the glass ntould and the gasket. Once the cell was filled, tiie spatula was 
removed and the gasket returned to a sealing condition. _ 

4. The windows were checked and any spillage was removed by vacuum suction. 

5. Tiie reaction cell was placed in position between the two radiation sources and the reaction was begun using 
both sources. The surface tenperature was not allowed to exceed 50*C in the first 5-10 minutes. 

6. At the completion of the curing process (20-60 min. depending on thickness of lens, curvature of lens, the reac- 
tion temperature and program of radiation) the reaction cell was allowed to cool to room temperature. 

7. Tiie gasket was removed and the windows were carefully removed using a razor or knife inserted between the 
cured lens and the glass window with a gentie mechanical shock. 

[0144] Mould defects at the edges interfere with the sealing conditions and frequentiy induce premature release. 
[0145] In each of tfie following examples, the monomer bisphend A bis(allyl carbonate) was obtained from PPQ 
Industries , Inc.; the tetraethylene glycol diacrylate (TTEGDA) monomer was obtained from Interez, the 1.6 hexanedi- 
oldimethacrylate (HDDMA) monomer was obtained from Rohm Tech, Inc. or Sartomer, the tripropylene glycol diacr- 
ylate (TRPGDA) and trimethylolpropanetriacrylate (TMPTA) monomers were obtained from Interez or Sartomer, the 
styrene monomer was obtained from Rsher and tiie 1-hydroxycydohexyl phenyl ketone photosensitizer was obteiined 
from Ciba-Geigy under tiie trademark irgacure 184. 

Example 3 

[0146] The objective of this Example was to produce optical lenses incorporating bisphend A bis (allyl carbonate) that 

were not brittie, had desirable colour and darity, and did not have any patterns, defects or aben^tions. 

[0147] The results of various representative sample formulations are indicated below. In each trial the following con- 
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drtions were observed: 

1 . All liquid materials were treated with alurrdna powder (basic) before use. 

2. Sytvania Ruorescent (F158T/2052) lamps which generate an intensity of 5.0 to 6.6 mW/sqcm of UV light were 
used as a light sourca UV light reaching the mould surface, however, was one the order of 1.5 mW/isqcm and the 
samples were inadiated for approximately 20 minutes. 

3. The moutete had a diameter of 75 nm. 

4. The bisphenol A bis{allyl carbonate) monomer was obtained from PPG Industries. Inc. in a formulation that 
included 91% by weight b^henol A bis{allyl carbonate). 7% by weight DEG-BAC and 2% by weight antiyellowing 
additives. The antiyellowing additives, which are UV absorbers, were removed prior to formulating the composi- 
tions. 

Formulation 1 

[0148] A plastic lens composition including a monomer mixture consisting of: 

22.12 parts by weight of bisphenol A bis(allyl carbonate), (together with 1.69 parts by weight of DEG-BAC), 15.8 
parts by weight of TTEGDA, 15.0 parts by weight of TRPGDA 19.6 parts by weight of TMPTA, 22.3 parts by weight 
of HDDMA. 3.50 parts by weight of styrene; a photosensitizer consisting of 0.05 parts by weight of 1-hydroxycy- 
clohexyl phenyl ketone; and a mould release agent consisting of 76 ppm of butyl stearate were placed in a reaction 
chamber disposed between opposed 550 and 775 glass mpulds configured to generate a positive con-ection lens. 
The moulds were separated by a distance of 1 .8 mm by a vinyl type gasket The radiation cell was as described 
above with reference to Rg. 6 and the radiation lenses were negative power lenses. 

[01 49] The composition was inflated for a period of 1 7 minutes and exhibited a smooth and slow rate of temperature 
increasa 

[0150] The lens was an overall good product exhibiting a favourable appearance in terms of colour and clarity and 
having a flexibility resistance that was better than conventional DEG-BAC lenses. 

Fonmilation 2 

[01 51 ] A plastic lens composition including a monomer mixture consisting of: 

23.70 parts by weight of bisphenol A bis{ailyl carironate), (together witii T,Q^ parts by weight of DEG-BAC). 15.9 
parts by weight of TTEGDA. 1 5.3 parts by weight of TRPGDA. 1 6.2 parts by weight of TMPTA. 23.4 parts by w©ght 
of HDDMA. 3.60 parts by weight of styrene; a photosensitizer consisting of 0.051 parts by weight of 1-hydroxycy- 
clohexyl phenyl ketone; and a mould release agent consisting of 114 ppm of butyl stearate were placed in a reac- 
tion chamber disposed between opposed glass moulds configured to generate a positive (2.7D) con-ection lens. 
The glass moulds were separated by a vinyl type gasket The glass moulds were washed and treated with methyi- 
etfiyl ketone prior to the reaction. The radiation cell was as described above with reference to Rg. 6 and the radia- 
tion lenses wee negative power lenses. 

[0152] The composition was irradiated for a period of 18 minutes and exhibited a smooth reaction that was not too 
fast and not too slow. The lens did not cmck and did not release prematurely. The lens had a flexibility resistance ttiat 
was better than conventional DEG-BAC lenses. The lens, however, was brrttie near its edges which is believed to be 
caused by slight interference witii the incident light causal by tiie lens moulding apparatus. 

Formulation 3 

[0153] A plastic lens composition including a monomer mixture consisting of: 

26.10 parts by weight of bi^henol A bis(allyl carbonate) (togettier with 2.00 parts by weight of DEG-BAC), 14.0 
partsby weight of TTEGDA, 16.8partsby weight of TRPGDA, 1 4.3 parts by weight of TT\/IPTA, 24.1 parts by weight 
of HDDMA, 2.60 parts by weight of styrene; a photosensitizer consisting of 0.048 parts by weight of 1 -hydroxycy- 
clohexyl phenyl ketone; were placed in a reaction chamber disposed between opposed 660 and 500 glass moulds 
configured to generate a negative con-ection lens. The moulds were separated a distance of 4.8 mm by a ga^t 
The radiation ceil was as descrtoed atx)ve witti reference to Rgure 6. TTie moulds were sprayed with butyl stearate 
as a mould release agent pior to the curing process. 
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10154] The conposition was irradiated for a peiod of 20 minutes. The finished lens exhibited no haziness and good 
hardness but was brittle at its edges. The butyl stearate sprayed on the nnould surface led to surface anonialies in the 
finished lens. 

Examole 4 

[01 55] The objective of this Exanple was to produce optical tenses incorporating bisphenol A bis(allyl carbonate) that 
were not brittle, had desirable colour and clarity, and did not have any patterns, defects or aberrations, 
[0156] In each trial of this Example. Sylvania Ruorescent (F158T/2052) lamps which generate an intensity of 5.0 to 
6.6 mW/sqcm. of UV light were used as a light source. 

[0157] The basic Ingredients of the tormuiations according to Example 4 included TTEGDA, TRPGDA, TMPTA. 
bisphenol A bis(allyi cartDonate), styrene and 1-hydroxycyciohexyl phenyl ketone which are commercially available from 
the sources set forth above 

[0158] Zelec® UN was tested as a mould release agent to siw'enient butyl stearate. 

[0159] Often, the monomers were passed through beds of alumina (basic) to remove impurities. This was especially 
true for the monomer TRPGDA. 

[01 60] The results of various representative sample formulations are indicated below. 

[0161] Sample fonmulation 4 was in-adiated in a reaction cell as described above with reference to Rgure 6. 

[0162] Each of sample formulations 5-7 and comparative san^le formulations 8-9 was irradiated in a reaction cell as 

described above with reference to Rgure 7. 

[0163] As shown in Rgure 7, the lens forming chamber 106 is thermally insulated on the sides by gaskets 110. 
According to this example, the chamber 106 was thermally insulated by two large gaskets 110 having the following 
dimensions: 92 mm CD. 85 mm ID and 75 mm lip diameter, and on top and bottom by two poweriess glass moulds 1 08 
having a 76 nrim diameter which fit into the large gaskets 1 1 0. Three sheets of tracing paper were inserted between the 
poweriess glass moulds 108 and the glass mouWs 102 of the lens forming chamber 106. Heat exchange between the 
reaction ceil and its surroundings was reduced greatly with this anrangement 

[0164] Frosted glass in place of the glass moulds 108 was tried and worked as well as dear glass moulds 108 plus 
tracing paper. In any case, good sealing was very important to produce high quality lenses. - 
[0165] Gasket material and lip finish were also very iniportant. Most of the trials were earned out using virtyl gaskets 
that had been used many times so that the quality of the lip had deteriorated making sealing difficult. 
[0166] Imperfect sealing and gasket material, plus a small residual amount of uncured material contributed to prema- 
ture release. 

[01 67] When the lens cavity was not completely sealed, a small amount of air 1^0^ in and prevented the polymeri- 
zation of the monomer mixture that it reached resulting in some uncured reskluai liquid rennaining at the gasket lip. 

Fomrtulation 4 

[0168] A plastic lens conposition including a monomer mixture consisting of: 

24.13 parts by weight of bisphenol A bis(allyl carbonate) (together with 1.84 parts by weight of DEG-BAC). 16.05 
parts by weight of TTEGDA. 15.64 parts by weight of TRPGDA. 16.59 parts by weight of TMPTA, 23.87 parts by 
weight of HDDM A. 1 .48 parts by weight of styrene; a photosensitizer consisting of 0.02 parts by weight of 1 -hydrox- 
ycydohexyl phenyl ketone were placed in a reaction chamber disposed between exposed glass moulds configured 
to generate a bifocal correction lens. The glass moulds were separated by silicon gaskets to produce a lens that 
was 2mm thidt at the edge and 7.7mm thick in the centra The lens composition was irradiated for a total of 36 min- 
utes. After 20 minutes of irradiation mouW release occurred at the bifocal. The ultraviolet light passing through the 
cell had an intensity of 1 . 1 mw/sqcm. Under these conditions the t(max) reached 48*C after 1 6 minutes of irradia- 
tion and fell to 47''C after 20 minutes of inadialion. After the radiation there was found some residual liquid around 
the gasket lip. The produced lens had excellent colour, no patterns and good hardness. The edge of the lens was 
not perfect but the lens was still an overall acceptable product 

Formulation 5 

[01 69] A plastic lens conposition including a nronomer mixture consisting of: 

24.15 parts by weight of bi^enol A bis(ajlyl cariMnate) (together with 1.85 parts by weight of DEG-BAC). 16.0 
parts by weight of TTEGDA, 1 5.6 parts by weight of TRPGDA. 1 6.6 parts by weight of TMPTA. 23. 9 parts by waght 
of HDDMA, 1 .8 parts by weight of styrene; and a photosensitizer consisting of 0.02 parts by weight of 1 -hydroxycy- 
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clohexyl phenyl ketone were placed in a reaction dnamber disposed between opposed 550 and 775 glass moulds 
configured to generate a positive 3D conection lens. The glass moulds were separated by a dstance of 1 .8 mm by 
vinyl gaskets. The lens conpo^tran was irradiated tor 40 minutes and the finished lens showed no patterns, had 
good hardness, and good colour and clarity. 

Formulation 6 

[0170] A plastic lens composition including a monomer mixture consisting of: 

24.15 parts by weight of biS|:^enol A bis(allyl carbonate) (together with 1.85 parts by weight of DEG-BAC). 16.0 
parts by weight of TTEGDA. 1 5.6 parts by weight of TRPGDA, 1 6.6 parts by weight of TMPTA. 23.9 parts by weight 
of HDDMA. 1 .8 parts by weight of styrene; and a photosensitizer consisting of 0.02 parts by weight of l-hydroxycy- 
clohexyl phenyl ketone were placed in a reaction chamber disposed between opposed glass moulds configured to 
generate a positive 5D or 6.5D correction lens. In these trials the glass moulds were s^rated by an ethylene vinyl 
acetate gasket. The lens compositions were irradiated for 46 minutes and the finished lenses showed no patterns, 
had good hardness and good colour and darity. 

Formulation 7 

[01 71 ] A plastic lens composition including a monomer mixture consisting of: 

24.15 parts by weight of bisphenol A bis(allyl-carbonate) (together with 1.85 parts by weight of DEG-BAC), 16.0 
partsby weight of TTEGDA. 15.6parts bywdght of TRPGDA, 1 6.6 parts by weight of TMPTA, 23.9 parts by weight 
of HDDMA, 1 .8 parts by weight of styrene; and a photosensitizer consisting of 0.02 parts by weight of 1 -hydroxycy- 
clohexyi phenyl tetone were placed in a reaction chamber disposed between opposed glass mouWs configured to 
generate negative conrection lenses. The nraultte were configured to generate a -1 lens or a -4 lens. The lens com- 
position was in-adiated for 40 minutes. The -1 lenses were successfully completed while the -4 lenses prematurely 
released. 

Example 5 

[01 721 The objective of this Example was to produce optical lenses, incorporating bisphenol A bis(allyl carbonate) that 

were not brittle, had desirable cotour and darrty. and did not have any patterns, defects or abenations. 

[0173] In each trial of this Example bi^henol A bis(allyl carbonate) was used. It was determined that any yellowing 

problems in lenses made from bisphenol A bis(allyi carbonate) could be counteracted and overcome by induding a very 

small amount on the order of one drop or from about 0.2 to 0.4 ppm of styrene containing a blue dye induding 9.10- 

anttiracenedione. 1-hydroxy-4-[(4-methyiphenyl) amino] (available as Thermoplast Blue 684 from BASF Wyandotte 

Corpi) 

[0174] In each trial of this Exanr^le. Sylvania Fluorescent (F158T/2052) lanrps which generate an intensity of 5.0 to 
6.6 mW/sqcm of UV light were used as a Qght source. 

Formulation 10A 

[0175] A plastic lens composition including a monomer mixture consisting of: 

24.50 parts by weight of bisphenol A bis(aHyl carbonate), 16.2 parts by weight of TTEGDA, 16.7 parts by weight of 
TRPGDA, 16.7 parts by weight of TMPTA. 22.7 parts by weight of HDDMA, 3.0 parts by weight of styraie; a pho- 
tosensitizer consisting of 0.023 parts by weight of 1-hydroxycydohexyl phenyl ketone; and mould release agent 
consisting of 0.7 ppm of Zeiec® UN were placed in a reaction chamber disposed between opposed 660. and 520 
glass moulds configured to generate a negative correction lens. The moukte w^e separated a distance of 4.8 mm 
by a gasket The lens cohposition was irradiated for approximately 20 minutes. 

[0176] The intensity of ultraviolet light entering the mould was 2.2 mW/isqcm from above and 2.5 mW^cm from 
below. 

[01 77] Frosted glass was used in place of the insulated powerless glass moulds. 

[01 78] The finished lens had good colour and darity, no patterns and good hardness without brrtHeness. 



19 



EP0404 888B1 

Formulation 10B 

[01 79] A plastic lens composition induding a monomer mixture consisting of: 

24.50partsbyweightof bisphOTOl Abis{al!yl cartjonate), 16.2 parts by weight of TTEGDA, 16.7 parts by weight of 
TRPGDA, 16.7 parts by weight of TMPTA, 22.7 parts by weight of HDDMA. 3.0 parts by weight of styrene; a pho- 
tosensitizer consisting of 0.023 parts by weght of l-hydroxycydohexyl phenyl ketone; and a mould release agent 
consisting of 0.7 ppm of Zelec® UN were placed in a reaction chamber disposed between opposed 550 and 775 
glass moulds configured to generate a positive correction lens. TTie moulds were s^arated a distance of 1 .8 mm 
by a gasi«t The lens composition was inradiated for approximately 20 minutes. 

[0180] The intensity of ultraviolet light entering the mould was 2.2 mW/sqcm from above and 2.5 mW/sqcm from 
below. 

[0181] Instead of frosted glass, dear radiation lenses were used and tradng paper was used over the lamps with 2 
sheets at top and 1 sheet at bottom. 

[0182] Thefinished lens had more favourable characteristics than the lens of Formulation 10A. 
Fonmulation 1 1 

[0183] A plastic lens composition induding a monomer mixture consisting of: 

25.60 parts by weight of bisphenol A bis(allyl carbonate), 15.1 parts by weight of TTEGDA. 16.1 parts by weight of 
TRPGDA, 16.5 parts by weight of TMPTA. 24.1 parts by weight of HDDMA, 2.5 parts by weight of styrene; a pho- 
tosensitizer consisting of 0.0195 parts by weight of 1-hydroxycyclohexyl phenyl ketone; and a mould release agent 
consisting of 1.0 ppm of Zelec® UN were placed in a reaction chamber disposed between opposed 550 and 775 
glass moulds configured to generate a positive correction lens. The moulds were separated a distance of 1.8 mm 
by a gasket. Two sheets of tradng paper were inserted between the powerless glass mould and the lens forming 
mould on both sides of the reaction cell. The lens conposition was inradiated for approximately 23 minutes. 

[0184] The finished lens showed ^vourable characteristics. 

Formulation 12 

[0185] A plastic lens composition induding a monomer mixture consisting of: 

25.10 parts by weight of bisphenol A bis(allyl-carbonate), 15,5 parts fay weight of TTEGDA. 16.3 parts by weight of 
HDDMA. 2.7 parts by weight of styrene; a photosensitizer consisting of 0.021 parts by weight of l-hydroxycy- 
dohexyl phenyl ketone; a mould release agent consisting of 0.88 ppm of Zelec® UN and one drop off styrene con- 
taining a blue dye induding 9,10 - anthracenedione, 1-hydrQxy-4-[(4-m6thylphenyl) amino] (availat^e as 
"mermoplast Blue 684 from BASF Wyandotte Corp.) were placed in a reaction chamber disposed between 
opposed 550 and 775 glass mouWs configured to generate a positive 2D conrection lens. The moulds were sepa- 
rated a distance of 1 .8 mm by a gasket The lens composition was inradiated for approximately 36 rrtnutes. 

[0186] The intensity of ultraviolet light entering the mould was 1.5 mW^cm from above and 2.4 mW/sqcm from 
below. 

[0187] The finished lens showed good colour, was free of distortion and was more rigid than conventional thermally 
cured DEG-BAC lenses. The lens also passed the safety drop-ball test after it had been in boiling water for 10 minutes. 

Formulation 13 

[0188] A plastic lens composition including a monomer mixture consisting of: 

25.82 parts by weight of bisphenol A bis(ailyl-carbonale), 1 5.06 parts by weight of TTEGDA, 1 6.05 parts by weight 
of TRPGDA. 16.30 parts by weight of TMPTA. 24.00 parts by weight of HDDMA. 2.76 parts by weight of styrene; a 
photosensitizer consisting of 0.025 parts by weight of l-hydroxycydohexyl phenyl ketone; and a mould release 
agent consisting of 0.3 ppm of dioctyfphthalate (available from Aldrich) were placed in a reaction chamber disposed 
between opposed 415 and 775 glass nroulds configured to generate a positive 4D connection lens. The moulds 
were separated a distance of 1.8 mm by a gasket. The lens conposition was irradiated for approximately 25 min- 
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utes. 

[01 89] The finished lens showed favourable characteristics. 
Comparative Formuiation 14 

[0190] A plastic lens composition including a monomer mixture consisting of: 

26.70 partsbyweightof bi^enol Abis(alIyl-carbonate). 15.5 parts by weight of TTEGDA. 16.0 parts by weight of 
TRPGDA. 16.4 parts by weight of TMPTA, 22.4 parts by weight of HDDMA. 3.0 parts by weight of styrene: a pho- 
tosensitizer consisting of 0.0204 parts by weight of 1 -hydroxycyclohexyl phenyl ketone; and a mould release agent 
consisting of 2.5 ppm of Zelec® UN were placed in a reaction chamber disposed between opposed 550 and 775 
glass moulds configured to generate a positive correction lens. The moulds were separated a distance of 1 .8 mm 
by a gasket Tlie lens composition was irradiated for approximately 22 minutes. 

[0191] The intensity of ultraviolet light at the surfece of the light source was 4.8 mW/sqcm. The intensity of ultraviolet 
light entering the mould was 3.6 mW/Ssqcm. The intensity of ultraviolet light exiting the mould was 1.5 mW^cm, 
[0192] The finished lens showed a negligtole degree of pattems and had good colour. The patterns that were devel- 
oped in this lens were believed to be caused by too high a proportion of Zelec® UN. 

[0193] The following are additional examples of illustrative polymeric compounds within the scope of the present 
invention. In each of the following exanr^les bisphenol A bis(allyi carbonate) was received from PPG Industries. Inc. in 
a form that included only the bisphenol A bis(allyl carbonate) monomer. Each acrylate monomer was treated separately 
through an alumina colunrm (approximately 60-70g alumina/500g monomer) in a 2 cm diameter column. ZELEC® UN 
was used as a mould release agent at a rate of 1 .0 ppm based on the total weight of the composition. All samples were 
subjected to ultraviolet racOation for 30 minutes. 

[0194] The lens samples to be prepared were about -1/2D with a central thickness of about 2.2 mm and an edge thick- 
ness of about 2.8 mm. Silicone gaskets with 3 mm lips were used for all tests. 
[01951 In Table V below the following abbreviations have the following meanings: 

HIRI means the bisphenol A bis(allyl carbonate) monomer. Irg. 184 means Irgacure 184. HD means hardness, PL 
means flexibility. HZ means haziness. Y means yellowness, NO means not observed, neg. means negligible, L 
means low, M means medium, H means high, and TPb means Thermoplast Blue 684 blue dye. 

[01 96] Also in Table V below ail monomer concentrations are expressed in tenns of percent by weight. 
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[0197] Therefore, it can be seen that not only is a method and apparatus for making plastic lenses provided, but a 
lens fomning compositions is described. 

[0198] It is thus seen that the conrpositions and process descnljed provides several advantages . For exanple. 



45 



EP0404 888B1 



according to certain embodiments, the light sources utilized to cure the lens forming composition are safer, easier to 
use and consume less energy than conventional high pressure mercury arc lan^ps. Moreover, according to certain 
emiKxlirnents a plastic optical lens can be cured in 30 minutes or less. Furthermore, in certain embodiments, the l«is 
composition includes morramers having a higher refractive index than conventional monomer materials allowing the 
production of thinner lenses. 

[01 99] Although not specif icaily illustrated in the drawings, it is understood that other additional and necessary equip- 
ment and structural cbnr^nents will be provided, and that these and all of the components described above are 
arranged and supported in an appropriate fashion to form a conrplete and operative system. 
[0200] It is also understood that variations may be made in the present invention without departing from the spirit and 
scope of the invention. Of course, other variations can be made by those skilled in the art without departing from the 
invention as defined by the appended Claims. 

Claims 

1 . A polymerisable conrpositicm for use in maWng substantially dear plastic tenses for use in eyeglasses by exposing 
the composition to ultraviolet light to cure the composition in a time period of less than one hour, the composition 
conprising at least a bis (allyl carbonate) functional monomer and additives comprising at least one pdyethylenic- 
functional monomer containing at least two ethylenically unsaturated groups selected from acrylyl and methacrylyl, 
and a photoinitiator, wherein the bis (allyl carbonate) functior^ monomer comprises an aromatic-containing bis 
(ailyl cartxsnate) functional monomer, or diethylene glycol bis ally! carbonata 

2. A polymerisable conrposrtion for use in making substantially clear plastic lenses for use in eyeglasses by exposing 
the con^osition to ultraviolet light to cure the composition in a time period of approximately 30 minutes or less, the 
composition comprising at least a bis (ail^ cart)onate) functional monomer arkJ additives comprising at least one 
polyethylenic-functional monomer containing at least two etiiylenically unsaturated groups selected from acrylyl 
and metiiacrylyl, and a photoinitiator, wherein the bis (allyl carbonate) functional monomer comprises an aromatic- 
containing bis (allyl carbonate) functional nrKsnomer, or diethylene glycol bis allyl carisonate. 

3. A polymerisable composition for use in making substantially clear plastic lenses for use in eyeglasses by exposing 
the composition to ultraviolet light to cure the composition in a time period of approxinrmtely 15 to 30 minutes, the 
composition comprising at least a bis (allyl carbonate) functional monomer and additives conrp-ising at least one 
polyethylenic-functional monomer containing at least two ethylenically unsaturated groups selected from aaylyl 
and methacrylyl, and a photoinitiator, wherein the bis (allyl cariaonate) functional monomer comprises an aromatic- 
containing bis (ailyl carbonate) functional nwnomer, or diethylene glycol bis allyl cart^nate. 

4. A composition according to any one of the preceding Claims wherein the aromatic-containing bis (allyl cartsonate) 
functional monomer comprises bisphenol A bis (allyl carbonate). 

5. A composition according to Claim 4 wherein the bisphenol A bis (allyl carbonate) comprises 30 weight % or less of 
the composition. 

6. A composition according to Claim 1, 2 or 3 wherein the aromatic-containing bis (allyl carbonate) functional mono- 
mer conrprises 30 weight % or less of the conposition. 

7. A composition according to any one of the preceding Claims wherein the polyethylenic-functional monomer con- 
tains three ethylenically unsaturated groups selected from acrylyl and methacrylyl. 

8. A composition according to any one of the prececfing Claims wherein the polyethylenic-functional monomer com- 
prises 1,6 hexanedoldiacrylate. 

9. A composition according to any one of the preceding Claims wherein the polyethylenic-functional monomer com- 
prises tetraethylene glycol diacrylata 

10. A composition according to any one of the preceding Claims wherein the polyethyloiic-functional monomer com- 
prises tripropylene glycol diacrylata 

11. A composition according to any one of the preceding Claims wherein the polyethylenic-functional monomer com- 
prises trimethylotpropane triacryiata 
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12. A composrtion according to any one of the preceding Clainns wherein the connpositiQn ccnnprises a mould-release 
agent 

13. Use of a composition according to any one of the preceding Claims to form substantially clear plastic lenses sub- 
stantially free of distortions, cracte, patterns and striations for use in eyeglasses 

14. Use of a conpoation according to any one of Claims 1 to 12 to form a lens for use in eyeglasses having negligible 
yellowing. 

15. A method of making a lens for use in eyeglasses which method comprises the st^ of using the composition of any 
oneof Claims 1 to 12. 

16. A method according to Claim 15 wherein the composition is cured to form a substantially dear lens for use in eye- 
glasses by being exposed to ultraviolet light while in a nrrauld cavity fbmned in part by a fffst mould member and in 
part by a second mould member. 

17. A method according to Claim 15 wherein the composition is cured to form a substantially dear lens for use in eye- 
glasses by being exposed to ultraviolet light while in a mould ca>flty formed by a gasket a first mould member and 
a second mould member. 

18. A method according to Claim 15 wherein the composition is cured in less than one hour to form a substantially clear 
lens for use in eyeglasses by exposure to ultraviolet light when in a mould cavity formed in part by a first mould 
member having a non-casting fece which is maintained at a tenr?)erature of less than about 50*C and in part by a 
second mould member having a non-casting face which is maintained at a temperature of less than about 50'*C. 

19. The use of a composition according to any one of Claims 1 to 12 in an apparatus for making a lens for use in eye- 
glasses, which apparatus conprises first and second mould members which are maintained spaced apart to define 
a mould cavity therebetween, a light generator for generating and directing ultravfolet light through at least one of 
the first and second mould members during use, the apparatus beng adapted to cure the lens-forming connposition 
to forni a substantially dear lens for use in eyeglasses in a time period of less than one hour. 

20. Use, according to Claim 19 wherein the apparatus is adapted to cure the lens-forming composition to form a sub- 
stantially clear lens for eyeglasses in a time period of 30 minutes or less. _ 

21 . Use. according to Claim 1 9 wherein the apparatos is oJapted to cure ttie lens-fornting composition to form a sub- 
stantially clear lens for eyeglasses in a time period of approximately 15 to 30 minutes. 

22. The use of a composition of arty one of Claims 1 to 12 in a process for making a plastic lens for use in eyeglasses, ' 
the process conrtpriang tiie steps of pladng the lens-forming composition into a mould cavity formed at least in part 
by a first mould menrtiber and a second nrwuld member, and curing ttie lens-forming conr^sition to form a substan- 
tially dear lens for use in eyeglasses by exposing the composition to ultraviolet light for a time period of less than 
one hour. 

23. Use. according to Claim 22 wherein the composition is exposed to said ultraviolet light for a period of 30 minutes 
or less. 

24. Use, according to Claim 22 wherein the composition Js exposed to said ultraviolet light for a period of a^roximately 
15to 30 minutes. 

PatentansprOche 

1 . Eine polymerislertjare Zusammenselzung zur Venwendung bei der Herstellung von im wesentiichen Waren Kunst- 
stofflinsen zur Venwendung in Brillen, indem die Zusammensetzung ultravidettem Licht ausgesetzt wiid, urn die 
Zusammensetzung in einer Zeitdauer von weniger als einer SturKJe auszuhSrten, wobei die Zusammensetzung 
wenigslens ein Bis(allylcartx5nat)-funktioneiles Monomer umla6t und Additive, die wenigstens ein Polyelhylen- 
funktionelles Monomer umfassen, welches wenigstens zwei ethylenisch ungesattigte Gruppen. ausgewdhit von 
Acrylyl und Methaaylyi. beinhaltet. und anen Fotoinitiator, wobei das Bis(allyicarbonat)-funktionelle Monomer ein 
aromathaltiges Bis(allylcarfaonat)-funktionelles Monomer Oder Diethylenglykolbis(allylcarbonat) umfaBt 
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2. Eine polymerisierbare Zusammenseteung zur Verwendung bei der HersteUung von im wesentlichen Waren Kunst- 
stofflinsen zur Verwendung in Brillen, indem die Zusammensetzung uftravidettein Lichl ausg^etzt wird» urn die 
Zusammensetzung in einer Zertdauer von eiwa 30 Minuten oder weniger auszuhdrten, woba die Zusammen- 
setzung wenigstens ein Bis(allylcarbQnat)-funktioneItes Monomer umlaBt und Additive, die wenigstens ein Polye- 
thylen-funktioneaes Monomer umfassen. welches wenigstens zwei ethylenisch ungesSttigte Gruppen, ausgewShlt 
von Acrylyl und Methacrylyl, beinhaltet, und einen Fotoinitiator. wobei das Bis(ailyicarbonat)-funktioneIle Monomer 
ein aromathaftiges Bis(alIylcarbonaQ*funkt'onelles Monomer, oder DiethylengtykDlbis(aflylcarbonat) umfa6t 

3. Eine polymerisierbare Zusammenseizung zur Venwendung be! der HersteUung von im wesentlichen Waren Kunst- 
stoffiireen zur Venwendung in Brillen, Indem die Zusammensetzung uHravioletlem Ucht ausgesetzt wird, um die 
Zusammensetzung in einer Zeitdauer von etwa 15 bis 30 Minuten auszuharten, wobei die Zusammensetzung 
wenigstens ein Bis(allylcarbonaQ-funktionelles Monomer urnfaBl und Additive, die wenigstens ein Polyethylen- 
funktionelles Monomer umfassen, weldies wenigstens zwei ethylenisch ungesattigte Gruppen, ausgewahit von 
Acrylyl und Methyacrylyl. beinhaltet, und einen Fbtdnitiator, wobei das Bis(ailylcarbonat)-funlctionelle Monomer ein 
aronrathaltiges Bis(aDyicarbonat)-funktioneiles Monomer, oder DiethyienglykDlbis(aIlylcart3onat) umfaBt. 

4. Eine Zusammensetzung nach einem der vorangehenden Anspruche. wobei das aromathaltige Bis(allylcarbonat)- 
funktionelle Monomer BisphenoI-A-bis(ailylcarbonat) umfaBt 

5. Eine Zusammensetzung nach Anspruch 4, wobei das Bisphenol-A-bis(aIlylcarbonat) 30 Gew.-% oder weniger der 
Zusammensetzung umfaBl 

6. Eine Zusammensetzung nach Anqaruch 1 , 2 oder 3, wobei das aromathaltige Bis(allyicarbonat)-funktionelle Mono- 
mer 30 Gew.-% Oder weniger der Zusammensetzung unrrfoSt 

7. Eine Zusammensetzung nach einem der vorangehenden AnspnQche, wobei das Pdyelhylen-funktionelle Monomer 
drei ethylenisch ungesatligte Gruppen. ausgewahit von Acrylyl und Methacrylyl, beinhaltet 

8. Eine Zusammensetzung nach einem der vorangehenden AnsprQche, wobei das Pdyethyien-funktionelle Monomer 
1 ,6-Hexandioldiacryfat um^Bt 

9. Eine Zusammensetzung nach einem der vorangehenden AnsprQche, wobei das Polyethyien-funktionelle Monomer 
Tetraethylenglykoldiacryiat umfaBt , ^ 

1 0. Eine Zusammensetzung nach einem der vorangehenden AnsprQche. wdbei das Polyethyien-funktionelle Monomer 
Tripropylenglykoldiacrylat umfaSt 

11. Eine Zusammensetzung nach einem der vorangehenden AnsprQche, wobei das Polyethyien-funktionelle Monomer 
Trimethylolpropantriacrylat umfaSt 

12. Eine Zusammensetzung nach einem der vorangehenden AnsprQche, wobei die Zusammensetzung ein Agens zur 
Freigabe aus der GieBfbnm umfaBt 

13. Venwendung einer Zusammensetzung nach einem der vorangehenden Anspruche. um im wesentikshen Ware 
Kunststofflinsen zur Venwendung in Brillen zu biWen, die im wesentlichen frei von Verzerrungen. Rissen, Muslem 
und Streifenbildungen sind. 

14. Venwendung einer Zusammensetzung nach einem der AnsprQche 1 bis 12, um eine Linse zur Venwendung in Bril- 
len zu bikien. die eine unbedeutende Gelbfartsung aufweist. 

15. Ein Verfahren zur HersteUung einer Linse zur Venwendung in Brillea woba das Verfahren den Schritt der Venwen- 
dung der Zusammensetzung nach einem der AnsprQche 1 bis 12 umfaBt 

16. Ein Verfahren nach Anspruch 15, wobei die Zusammensetzung ausgehartet wird. um eine im wesentiic^ien Ware 
Linse zur Venwendung in Brillen zu biWen. indem die Zusammensetzung uttravioletlem Licht ausgesetzt wird, wah- 
rend sich die Unse in einer GSeBformaushfihlung befindet die zum Teil durch ein erstes GieBformbauteil und zum 
Teil durch ein zwetes GieBfdmnbauteil gebildet wird. 
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17. Ein Verfahren nach Anspruch 15. wobei die Zusammensetzung ausgehartet wird, um ane im wesentlichen Ware 
Linse zur Vemendung in Brillen zu biWen, indem die Zusanimensetzung uHraviolettem Lic^ ausgesetzt wiid. wSh- 
rend sich die Linse in einer Gie0farmaush6hlung befindet, die durch eine Dichtung. ein erstes Qeflformbauteil und 
ein zweites GieQformbauteil gebildet wird. 

18. Em Verfahren nach Anspruch 15. wobei die Zusammensetzung in weniger als aner Stunde ausgehSrtet wird. um 
eine im wesentlichen tdare Linse zur Venwendung in Brillen zu bilden, indem die Zusammensetzung ultraviolettem 
Licht ausgesetzt wird, wenn sie sich In einer GieBfonmaushOhlung befindet. die zum Teil durch ein erstes GieSform- 
bauteil gebildet wird, welches eine Nicht-Abdruckoberflflche. die bei einer Temperatur von weniger als etwa 50*C 
gehalten wind, aufweist. und zum Teil durch ein zweites GieBformbauteil. welches eine Nicht-Abdrudraberfiache. 
die bei einer Tenrperatur von weniger als etwa 50°C gehalten wird, aufweisL 

19. Die Venwendung einer Zusammensetzung nach einem dor Anspruche 1 bis 12 in einer VDnichtung zur Herstellung 
einer Linse zur Venwendung in Brillen. wobei die Vonichtung erste und zweite GieBformbauteile unrrta0t, welche mit 
Abstand zueirtander bewahrt werden, um eine GieSfbrmaushflhlung dazwischen festzulegen. einen Lichterzeuger 
zur Erzeugung und Lenkung.von uftraviolettem Licht durch wenigstens eines der ersten und zweiten GieSfornnbau- 
telle wahrend der Venvendung, wobei die Vonichtung angepaCt ist. um die Linsen-bildende Zusammensetzung zur ' 
Bildung von einer im wesentlichen Waren Linse zur Verwendung in Brillen in einer Zeitdauer von weniger als einer 
Stunde auszuhdrten. ^ 

20. Venvendung nach Anspruch 19. wobei cSe Von^ichtung angepaBt ist um die Linsenbildende Zusanmiensetzung zur 
Bildung wn einer im wesentlichen Waren Linse fur Brillen in einer Zeitdauer von 30 Minuten oder weniger auszu- 
harten. 

21 . Venwendung nach Anspruch 19. wobei die Vonichtung angepaBt ist, um die Linsenbildende Zusammensetzung zur 
Bildung von einer im wesentlichen Waren Linse fOr Brillen in einer Zeitdauer von etwa 15 bis 30 Minuten auszuhar- 
ten, 

22. Die Venwendung einer Zusammensetzung nach einem der AnsprQche 1 bis 12 in einem Verfahren zur Hwstellung 
einer Kunststofflinse zur Venwendung in Brillen, wobei das Verfahren die Schritlezum Plazieren der Unsen-bilden- 
den Zusammensetzung in ©ne GieBfornr^ushflhlung, die wenigstens zum Teil durch ein erstes GieBfomtouteil 
und ein zweites GieBfomnbauteil gdJiWet wird, und zum Ausharten der Unsen-bildenden Zusammensetzung 
umfaflt. um eine im wesentlichen Ware Linse zur Venwendung in Brillen 2u bilden. dadurch, daB die Zusammen- 
setzung ultraviolettem Licht fur eine Zeitdauer von weniger als einer Stunde ausgesetzt wird. 

23. Venvendung nach Anspmch 22, wobei die Zusammensetzung besagtem ultraviolettem Licht iOr eine Dauer von 30 
Minuten oder weniger ausgesetzt wird. 

24. Venvendung nach Anspruch 22, wot)ei die Zusammensetzung besagtem ultraviolettem Ucht fOr eine Dauer von 
eiwa 15 bis 30 Minuten ausgesetzt wird. 

Revendications 

1 , Une composition polym6risable utilisable pour la fabrication de lentilles ou de verres sensiblement transparents en 
plastique pourdes lunettes, par exposition de la composition a une lumiere ultraviolette pour cuire la composition 
en une p6riode de temps de moins d'une heure, la composition comprenarrt au moins un monom^e de bis (cartso- 
nate d'allyle) fondionnel et des additifs comprenant au moins un monom6re poly6thyt6nique fbnctionnel contenant 
au moins deux groupes non satur6s en 6thyi6ne choisis parmi acrylyle et m§thacrylyle. et un photo-initfateur, dans 
laquelle le monomfere de bis (cartwnate d'allyle) fbnctionnei comprend un oranom^re de bis (carbonate d'allyle) 
fonctionnel contenant un aromatique ou un di^ttiyl^e glycol bis cartxsnate d'allyle. 

2. Une composition pclym6risable utilisable pour la fabrication de lentilles ou de venues sensiblement transparents en 
plastique pourdes lunettes, par exposition de la composition a une lumiere ultraviolette pour cuire fa composition 
en une p6riode de tenps d'approximativement 30 minutes ou moins, fa composition conprenant au moins un 
monom^re de bis (cartjonate d'allyle) fbnctionnel et des additifs comprenant au nrwins un monomfere poly6thyi6ni- 
que fonctionnel contenant au moins deux groupes non satur6s en 6thyiane choisis parmI acrylyle et m6thacry!yle. 
et un photonnitiateur. dans laquelle le monomfe're de bis (cartwnate rfallyle) fbnctionnel comprend un monom6re 
de bis (carbonate d'allyle) fonctionnel contenant un aromatique ou un di6thyl6ne glycol bis carbonate d'allyle. 
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3. Une composition polym^risable utilisable pour la fabrication de lentiltes ou de verres sensiblement transparents en 
plastique pour des lunettes, par exposition de la composition k une lunu^re ultraviolette pour cuire la composition 
en une p6riode de temps d'approxinrativement 15 k 30 minutes, la conrposition comprenant au moins un mono- 
m6re de bis (cartjonate tfallyle) fonctionnei et d^ addrtifs comprenant au moins un monom6re poly6thyl6nique 
fonctionnel contenant au moins daix groupes nqn satur^ en ^hyl^ne chdsis parmi acrytyle et mdthacrylyle, et un 
photo-initiateur. dans laquelle le monom&'e de bis (carbonate d'ailyle) fonctionnel comprend un monomSre de bis 
(carbonate d'ailyie) fonctionnel contenant un aromatique ou un di6thyl6ne glycol bis carbonate d'allyla 

4. Une composition selon I'une queiconque des Revendications prec6dentes, dans laquelle le monomfere fonctionnel 
de bis (carbonate d'ailyle) contenant un aromatique comprend un bisph6nol A bis (cartjonale d'ailyie). 

5. Une composition selon la Revendication 4, dans laquelle le bisph6nol A bis (carbonate d'ailyle) constitue 30% en 
poids ou moins de la composrtioa 

6. Une composition selon la Revendication 1 , 2 ou 3 dans laquelle le monom6re fonctionnel de bis (carbonate d'ailyie) 
contenant un aromatique constitue 30% en poids ou moins de la composition. 

7. Une composition selon Tune queiconque des Revendications pr6c6dentes dans laquelle le nrranbm^re poly6thyl6- 
nique fonctionnel contient trois groupes non saturis en 6tiiyl§ne choisis panmi acrylyle et m6tiiaaytyl& 

8. Une composition selon I'une queiconque des Revendications pr6c6dentes dans laquelle le monomdre polydthyl6- 
ntque fonctionnel comprend du 1,6 hexanedoldiacrylate. 

9. Une composition selon Tune queiconque des Revendications pr§c6dentes dans laquelle le monom^re polyethyi^- 
nique fonctionnel comprend du t^tradtfiyldne glycol diaayiata 

10. Une composition selon I'une queiconque des Revendications pr6c6dentes dans laquelle le monom6re poly6thyl6- 
nique fonctionnel comprend du tripropyldne glycol diacrylata 

11. Une composition selon I'une queiconque des Revendications pr6c^entes dans laquelle le monom^re poly^yt^- 
ntque fonctionnel comprend du trim^thyiopropane triacrylata 

12. Une composition selon Tune queiconque des Revendications pr6c6dentes dans laquelle la composition conprend 
un agent de d^outage. 

13. Utilisation d'une composition selon Pune queiconque des Revendications pr6c6dentes pour former des verres ou 
lentilles en plastique sensiljlement transparentes et sensiblement exemptes de distorsions. de craquelures, de 
motifs et de stries pour utilisation dans des lunettes. 

14. Utilisation d'une composition selon I'une queiconque des Revendications pr6c6dentes pour former un ven-e ou une 
lentille utilisable dans une lunette ayant un jaunissement n^ligeabla 

15. Un proc§d6 de tabrication d'un verre ou d'une lentille pour des lunettes, ce proc6d6 comprenant I'utilisation de la 
composition selon I'une queiconque des Revendications 1 ^ 12. 

1 6. Un proced6 selon la Revendication 15 dans lequel la composition est cuite pour former une lentille ou un ven-e sen- 
siblement transparent utilisable dans des lunettes, en 6tant expos6e ^ une lunti^re ultraviolette tout en 6tant dans 
une cavit6 de mouiage fonn6e en partie par un premier 6l6ment de moule et en partie par un second 616ment de 
moule. 

1 7. Un proc6d6 selon la Revendication 15 dars lequel la conposition est cuite pour fonner une lentille ou un verre sen- 
siblement transparart utilisable dans des lunettes, en 6tant expos6e h une lurhifere ultraviolette tout en etant dans 
une cavit6 de mouiage form6e par une garniture, un premier el6ment de moule et un second 6l6ment de moule. 

18. Un proc6d6 selon la Revendication 15 dans lequel la conposition est curte en moins d'une heure pour fonner une 
lentille ou un veffe sensiblement transparent utilisable dans des lunettes, par exposition k une lumi6re ultraviolette 
tout en 6tant dans une cavit6 de mouiage fbrm6e en partie par un premier 6I6ment de moule ayant une face de non 
couI6e qui est maintenue k une temperature de moins de 50"C environ et en partie par un second 616ment de 
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moule ayant une face de non coul6e qui est maintenue k une temp6rature inf6rieure k 50**C environ. 

19. L'utilisation d'une composition seion I'une quelconque des Revendications 1^12 dans un appareil de fabrication 
d'une lentille ou rfun verre utilisabie dans des lunettes, cet appareil comprenant des premier et second 6i6men1s 
de moule qui sont maintenus espac^ pour d§finir une cavit6 de mouiage entre eux, un g6n6rateur de Iumi6re pour 
g6n6rer et dinger une lumifere ultraviolette k travers au moins un des premier et second 6l6ments de moule pen- 
dant Tutilisation. Tappareil 6tant destin6 k aire ta composilion de formation de lentille ou de verre pour former une 
lentille ou un verre sensibiement transparent utilisable dans des lunettes en une p6riode de temps de moins d'une 
heura 

20. Utilisation selon la Revendicaiion 19 dans laquelle Tappareil est destin6 k cuire la conposition de formation de 
verre ou de lentille pour former un verre ou une lentille sensibiement transparent pour des lunettes en une p§riode 
de temps de 30 minutes ou nrains. 

21. Utilisation selon la Revendication 19 dans laquelle Tappareil est destin6 k cuire la composition de fonnation de len- 
tille ou de venre pour former une lentille ou un verre sensibiement transparent pour des lunettes en une p6riode de 
temps d'approdmativement 15 ^ 38 minutes. 

22. L'utilisation une composition selon Pune qu^conque des Revendications 1^12 dans un proc6d6 pour fabriquer 
une lentille ou un verre en plastique utilisable dans des lunettes, le proc^6 comprenant les stapes de placement 
de la composition de formation de lentille ou de verve dans une cavil6 de mouiage form6e au moins en partie par 
un premier 6l6ment de moule et par un second 6l6ment de moule, et de cuisson de la conrtposition de formation de 
lentille ou de verre pour former une lentille ou un verre sensibiement transparent utilisable dans des lunettes par 
exposition de la composition k une lumifere ultraviolette pendant une p6riode de temps inf6riaire k une heure. 

23. Utilisation selon la revendication 22 dans laquelle la composition est expos6e k ladite lumi^e ultraviolette pendant 
une p^riode de temps de 30 ntinutes ou nrxsins. 

24. Utilisation selon la revendication 22 dans laquelle la composition est expos^e k ladite lumi^e uHravioIette pendant 
une p^riode de temps d'approximativement 1 5 ^ 30 minutes. 
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